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THE 

P R E F A C E, 

CTHE PRINCIPIA iiing a book which is umverfaUf 
read by all the worlds that ^pretend to any degree 
of pbilofophical learning ; it cannot be improper to ex^ 
plain fuch pajfages therein asfeem ohfcwfe and difficulty 
For alt ho* it is written in as clear aftile as can be done 
in fo few words \ yetj by reafon of its concifenefs^ 
and the difficulty cf thefubjeSs treated on^ many thtngs 
occur which require Jome farther explication^ efpedallj 
to young beginners. 

Accordingly feveral mathematical writers have en^ 
deavourtd to explain fome parts or othen of this book^ 
Jo make them intelligible to common r^ders^ wbo^ with^ 
cut fuch helps ^ would ^ find it verf difficult to get for • 
ward. 

The noble fubj ells tbisJook treats ofj being no lefs 

than the grand fabric of the worlds and the wholi 

fyftem of nature^ although comprifed in fo little a com^ 

fafsy makes it highly deferving of every illujlration that 

€an begivfa it. 

The author has clearly (hewn in this book^ that all the 
bodies in the world are aSuated by the univerfal prin^ 
jLtple of Gravity ; which is this^ that every body is at* 
trailed of impelled towards any other body^ by a force 
which is reciprocally as the fquare of the dtftance of 
the two bodies. On this univerfal principle hejhewsy 
that the motions of all the great bodies in the world org 
founded. 

Several men had written fyfiems of Pbilofoply before 
Sir Ifaac % but from their ignorance of nature^ none 
#/ them could fiand the tefi. But bis Principles being 

A * buil$ 



ir P !t E F A C E. 

buih upon the unerring foundation of Obfervations and 
Experiments^ muft necejfarily Jiand goody till the dif^ 
folution of nature itfelf 

This little Treatife was written many years fince 5 
for when Ifludied the Principiaj 1 was frequently at 
a ftop^ which obliged me to make calculations here and 
there^ as I went on ; and when I hdi done^ Ifet thenp 
down as notes upon thefe places. Wherein I only 
meddled with thefe places^ that appeared difficult to 
me. Thefe notes colleSed together are the fubjeS of 
the following Comment. And I have revifedthe whole^ 
and added fever al things thatfeemed wanting. Tei 
J believe there anfome things ftill behind^ which are 
not fufficiently explained by any Commentator ; and ef- 
pecially fuch as are there laid down without their de* 
monftrations. 

Ai no body is reckoned a Philofopher that does not 
read the Principia ; therefore I thought proper to pub^ 
Ufb this fmall Trail, fuppqfing that it may be ufeful to 
others, that hcrje a defire to read that celebrated work^ 
What I have further to mention, is this. Thepajfages 
referred to, and whUh are to be explained, are not 
taken from the Latin edninn, which would not fuit the 
Englifh reader ; but from MotteV tranfiation, and from 
thefirjt edition thereof, if there happen to be more. 

W. Emerfpn. 



ADVERTISEMENT. 

Befides the common Algebraic charafters which 
are in ufe, I make ufe of this OC» which figni* 
fics a proportion. Thus A OC BC, fignifies that 
A is in a conftant ratio to BC, or that A is as BC. 
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[/^OR. 2. to the laws. And therefore if the 
V^ weight p is to the weight A, &c.] For p will 
have the fame efFeft as P, if ^ : P : : pH x OL : 
fN X perpendicular from O on pN. And P : A : : 
(by what went before) KO : OL. Therefore, ex 
iquoj if p and A are in equilibrio, it will be ^ : 
A : : ^H x KO : ^N x perpendicular from O on 
^N. Note, the line ^N ought to be drawn in fig. 
2, and not PL. 

[Cor. 4. ib.] This is demonftrated in KeiPs In- 
troduftion, Theor. 20 ; as likewife in Lem. 23, 
p. 127, of this 'book. 

[ib. p. 28, fubfinem ; but the diftance between 
thefe two centers,] that is, between the center of 
the two, and the center of all the reft. Further, 
the aftions of all the bodies may be confidered as 
the fum of the aftions of every two ; and then the 
' cafe will be plain. 

[Sch. to cor. 6, p. 33, then will ST reprefent] 
For if RV zz retardation ot delcribing 2RA + 
2VA,: ST will be the retardation of defcribing ^ 
of that, or 4 RV + i,VA, that is S A or FA ; and 
therefore the body falling from S in the air, or from 
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Fig. T in iracuo ; will have, nearly, the (amc vclocitf 
in A ; the fame of sA or /A ; for afcending to s 
in the air, or afcending to / ("or defcending mm / 
to A) in vacuo has the fame velocity in A. 

[ib. p. 38, but if they are turned afide by the 
ihterpofition] This is plain by Prop. 16, Mecha* 
nics. 

[ib. And m like manner^ &c.l By the iame 
Prop, as before. 
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Fig. 

BOOK I. 

is fe C t. I. 

f T E Wt. I a] For let AE be divided into an in- 
I / finite number of equal parts., any part, as 
D' X by the velocity acquired in the time AD (that 
IS) D X DB), k as the fpace defcribed in that little 
part of tirtie D' (for the fpaccs are as the times x 
Dy the vfelocities) -, and the fum of all thefe pro^ 
duds or areas, that is* the areas ADB, AEC, are 
as the whole fpaces defcribed in the times AD, AE ; 
but thefe areas are as AD' and AE*, by Lem. 9^ 

[lb. cor. I . — - to the bodies, and meafured — ] • 
that is, and the faid errors meafured by the dif- 
tances of the bodies, &c. 

[Lem. 1 1, have a finite curvature] Thefe words 
exclude thofe curves whofe radius of curvature ii 
infinitely fmall, or infinitely greats 

[ib. SchoL] All this may be uniVerfally demon- '| 
(trated after this rtianner. Let ABi AF be two ' 
paraboloids* Let, latus redtum, of AF ;;? ^, of 
AB = >. AC znz. AE = X. CB, EF, or 
AD = jr. And let m be any affirmative index, and 

fuppofe d'x=y^+\ And i'^^" z =y'^ + ''+\ 

Then a«+> x«+> zzy = ^«+«+«' X 2«'+'»+* . 
And by involution, tf«x«+«+i j/n+n^i ^ 
yn^nxm-^i ^«+i^ ^„j therefore, 4«*+^«+^ ^^^ 

: i*'+>»*+«+» ::»«+» : :)c^+«. But, becaufe x 
ib infinitely fmall, therefore when » is affirmative,. 
the firft term is infinitely Icfs than the fecond ; and 

therefore a**"*" ' is infinitely lelTer than x'^+ ' 5 but if 

A 4 n'lM 
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Fig. n is negative, the firft term is infinitely greater than 

the fecond, and therefore x^"*" * is infinitely greater 

than x^"^ ' , or 2 than x ; that is, in cafe the firft 
DB is infinitely lefs, and in cafe the fecond, infii- 
nitely greater than DF. But DB, DF arc as the 
curvatures of AB, AF, therefore, &c» 

S E C T, II. 

f. [Pr. I. con 4. as the verfed fines, of arcs] dc* 
fcribed in equal times, tending to the center of force, 
and bifed: the chords ; let AB = BC, and Bd be 
-^ to AC, then Ad zz dC. And when the arch 
AC is diminiflied to infinity, e coincides with d ; 
and confequently Ae zz ^C, or B^S bifcfts the chord 
AC. Complete the parallelogram ABC/, and 
eB zz ^B. Note, he calls that the verfed fign of 
an arch, which is commonly called the verfed fine 
of half that arch. 

fPr. 4, cor. 2.1 For the forces a '— oc 

^ rad. 

""^^^ ^ ^^^ OC — ^— 5 all the other corollaries 
rad* ;;. times* 

Cexcept the laft) depend on this. 

[ib. cor. 8.] Let R 1= radius of curvature D = 

diftance from the center of force Then will the 

p.time oc R» oc D" by fimilar pofition), and the 

areas oc velocities oc R*""* oc D*— '. And there-* 

fore the force a ,r— ^ : and the^ contrary. 

2^ [ibid, cor, 9.] Take the arch Bd i^^finitely fmall, 
and let BF be defcribed by the revolving body, in 
the fame time that a body falls from B to E by an 
uniform centripetal force, which it has at B; then 

. cd is the fpace fallen in the time of defcribing B^. 
But Cd or B« : BE : : (as the fquarcs of the times, 

that 
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THE p R I N c I p I a: § 

that is, asj B<f : BF» : : M : ?!^ . But B» = ^?* 

BA BA 3" 

1^. Therefore BE =^. And BE : BF : 
BA BA 

BA -. 

[ib, Schol. as the iquare of the length applied' 
to the radius;] for, the number of refleftions is 
oe velocity or length direftly, and the radius reci- 
procally. 

f Pr. 7. cor. 2. in the fame periodical time] Let 4; 
ac be II to RP, and da || to PS. Then if the pe- 
riodic dmes^ be equal, the areas generated in a gi-- 
ven infinitely fmall time mud be equal, that is, the 
velocities round R and S iiHift be reciprocally as 
(the -i-'s on PG from R and S, that is, as^ RP 
and SG. And fuppofi^ig a^ r, J, to coincide in P^ 
the force round R to the force round S is in the 
complicate ratio (of ac to adj or) SG to SP, and the 
fquares of the times of defcribing a given arch, 
that is reciprocally as the fquares of the velocitiej, 
that is, as SG* to RP*. Therefore the* force round 
R to force round S : : is as SGuo SP x RP% when 
the periodical times are equal. 

Or thus, let p be the place of the body when the 
tangent /If is n to the line RS. Then the veloci- 
ties round R and S, in the place p, will be equal ; 
for the fmall areas are equal, and their heights arc 
equal, by reafon of the parallels RS, pg. Draw 
TV, tVj and then by fimilar triangles S^' x pv^ z: 
Sg^XpP. And Sp' X PV^ = SG» X PT^ Then 
by this prop, force round S, in P : force round S, 

\np:: Sp^ xpv^ov^LJillL : SP X PVi of 

Sp j 

SG^ X PT^ ^ 

SP ' 
And force round S, in p : force round R, inp : : 
Sp : Rp or Sf . 

AUb 
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Alfo force round R, in p : force round R, \np\i 
RP* X PT» : Rp* ><^/ » orS^ X;>/' : : ex equo, force 
round S, in P : force round R, in P : \ RP» xPT» : 

^^' Sp"^' : : SP X RP* : SG^ 

[Cor. 3, in the fame periodic time] for then the 
infinitely fmall and equal areas will be defcribed in 
equal times in P, and both thele areas and the 
forces will be the fame, as in a circle of the fanic 
curvature with the orbit at P, and therefore the 
forces are the fame as. in the foregoing CoroL 

[Pr. 8. Sch.] let ApD be an ellipfis, AP a cir- 
cle. Then m : R» : : {fm : Pw : :) jp : Q^. An4 
bytiivifion, qr : OR : : (y» : Q« : :) CD : CA. The 

force in the ellipfis oc ^ > ■ ■ ■ ■ reciprocally z^z 

(becaufe ^ = ^) ^^* = (becaufe 

P«.=£^^)!£2l2<^ii!?l. There- 

fore (becaufe CA, S^ and CD are given) the force 
in the ellipfis is OC pm^ reciprocally. But in the 
hyperbolaand parabola (where CA is ncgativeor in- 
finite) thefe lines are ftill given, and therefore the 
force in any conic feftion is reciprocally as mp^. 

[Pr. 9. will be changed — ] that is H — is every 

QR 

where the fame ratio, viz. oc SP. 

[ib. fccond way.] for PV is (by rcafon of the gj- 
ven angle at P) as the radius of curvature, that it 
(by reafon of the fimilarity of the parts of the fi- 
gure PQ) as SP. 

[Pr. 10. fecond way. Add the reftangle »Pv.] 

for Qv* + hYv = Q?* + TP + Tt? x T J? — Tv 
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•THE p R I N c I P I A; 1* 

= Qv* + TP* — Tv* = QT* + TP* = fqtiarc of Fig. 
the chord QP ; and PvXnV + n?v = VPv. 5. 

Arid if the line QV be drawn, and a circle tSxrcf 
the points PQV -, the triangles PQv, and PQV 
will be fimilar (the <QVP beihg = QPR — 
VQv\ and therefore ?v : PQj P V^. 

[Pn iQ. Sch. in the ratio of the diftances from 
1^ center] for the fluxion of the ordinates is aug* 
^Rented or diminifhed m the fame ratio, and that tf 
1^ the force. 

S E C T. lit . ' 

• 

[Pr. 13, cbr. 2,] For, in the demonljrations of 
Prop. II, 12, and 13, QT* is always equal to 
QR X latus^ reftum. ^ 

[Pr. 16, cor.] Thp four firft corollaries are ge* 
neral, and agree to all conic feftions ; the fixth co- 
rollary belongs to one and the fame parabola. 

[ib. cor. 6, it is more variable] that is, in the 
ellipfis, the ratio of the velocity at a lefs ancj greater 
diftance, is greater than the ratio of the iquare 
roots of the greater and lefler diftance ; in the hy- 
perbola 'tis greater 5 for the ratio of the- greater 
and lefler perpendiculars (which is the fame with 
this ratio of the velocities) is greater than the ratio 
of the Iquare roots of the greater and lefler diftances 
in the ellipfis, and lefler than it in the hyperbola. 
For in the ellipfis the perpendiculars in the greateft 
and leaft diftances are the lame with thefe diftances % 
and in the hyperbola, the greateft perpendicular 
poflible is that from the focus pt\ the aflymptote, 

and the leaft, the diftance to the vertex. Alio (by 

yep 
(fig.\3.) 
HP 

See Clark, (alfo cor. 7.) 

fPn 17. yet greater velocity] then PH(and PK) 

will be negative* 

lib. 
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Fig% . [ib. cor. 2.] The velocity in a circle is zr ve^ 
g, locity acquired by falling thro* ^DS, by the given 
centripetal force. 

•SECT. IV. 

[Pr. 18, 19, 20.] two given points or right lines* 
f Pr. 20, cafe 4. But becaufe of the fimilar tri- 
angles VSH, vsbj] For (by fimilar a's SVP, sbq) 
S V : SF :: sb: sq: : (by fim. A's, svb, spq) sv : sfi 
And (by the fimilar A's SHP, sbp)^SP :SH::sp: 
4 ib ; ergo SV : SH :; sv: sb-^ and the angle VSH 
=: psq zz vsh. 

[Pn 21. three given points or right lines.] If 
three tangents be given, you have 3 points Y, from 
i which 3 equaVright lines as YH arc to be drawn to 

H, by cafe ;34 <^' the laft Lemma. Jf 2 tangents 
and a point P, thfijre will be given 1 wo points Y, 
* from which two equal lines are to be drawn to the 

focus H, and a third point P, from which PH is 
to be drawn ; by cafe 2d Lem. In the hyperbola, 
it is PH — YH = SP. If three points P be gi- 
ven, it is done by cafe 1 Lcm. ^ 

SECT. V. 

[Lcm. 17. in given angles] each to each refpec* 
tively is the fame invariable angle, tho* they are not 

all equal. 

[Lem. 18. and fo (by fuppofition)— ] for p and 
i are in the curve, and the reftangles of the lines 
from^ and P arc in. the given ratio. 

[ib. Sch. if p happens to be in a right line] 
For if rpq vspt : : RPQ^: SPT. And P be placed 
in pB ; then by fimilar triangles pq : PQ : : (pB : 
^* PB : :) pt : PT. And rp : RP : : (C/> : CP : :) ps : 
PS. And by multiplying you have rpq : RPQ^: : 
spt : SPT ; which agrees with the Lemma. But 
if P is placed out of />B, as at » 5 then becaufe the 

ratio 



\ 



T H I P R I N C I P I^A. 13 

ratio £?§ is greater than H§. it is alfo greatcrF]p' 
SnT SrT "• 

than m^ which is againft the hypothcfis* 

spf ' 

If p is placed in DC, then rpq will be == o. 
and therefore RPQ = o -, and P will alfo be placed 
in DC. 

[ib. If the two oppofite angles] The A's PCR, 
PBT are fimilar, for the angles at S and T arc 
right, and C = B, being on the fame arch PD. 
Therefore PR : PC : : PT : PB. And the triangles 
PBQ, and SCP are fimilar, for the angles at S,Q j. 
are right, and SCP = PBA. Therefore PC : PS : : 
PB : PQ ; and, exeque, PR X PCt= PS X PT : 
and, e contra, if PR x PQ^= PS X PT -, the locus 
of the point P is a circle. 

And if thefe lines are not perpendicular, yet 
fince their lengths will be reciprocally as the fines 
of the angles, it will follow that PQ^X PR : PS x 
T : : fine of" S x S of T : fine of Q^x fine of R, 
and the contrary. 

[ib. and one or two] If the point B be fuppofed J. 
to move towards A and at laft to coincide with it, 
fo that AB become a tangent at B, the Lemma 
will ftill hold. And if B pafs beyond A, then the 
figure will be converted into this BECDEAB ; the 
Lemma will ftill hold as before. And if B move to 
an infinite diftance, then DB, AB will be parallels ; 
and C alfo, then DC, AC will alfo be parallel -, and 
alfo the conic fedlion paflfmg thro* A and D, will 
pafs on infinitely towards C and B. 

[Lem. 1 9.] This may be refolved as Prob. 12, ia 
the Univerfal Arithmetic. 

[Lem. 20.] Here is another figure relating to this 
Lemma ^fig. 9.) ^. 

[Lem. 21. Therefore Cby Lem. 20) the point D] 
for the angles CPR, BPT, CPB are given, and 
therefore the lines PT, PR (to wliich the fides 

AQ, 
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JFig« AQ» AS of the parallelogram arc parallel) arc gi* 

ven iDy pdfition (lee fig. above). 
^^ Jlere is another figure of Lem. 21. (fig. 10). 

* This Lemnnta is* the lame with Prob. s^^ of the 
.Univerfal Arithmetic. 

jii fProp. 22.1 This is the fame with Prob. S5j in 
the author's Uni vcrfal Arithmetic. 

[Pr. 23. cafe 1.] This is the fame with Prob. 56^ 
of the Univerfal Arithmetic, or Prob. gj. 

[Pr. 23, cafe 2. HA* will become t9 Al*J for let 

n hcz point in the conic feftion ipfinitely near a^ 

• . ihro' both which the line, ib pafTes 5 then ib is a 

"• tangent at a. Then (Cor. 4. Pr. 44* B. I. my 

\. Conies) it will be, bgd: hbd iipgcixbjzz ^^^>^PS\ 

bgd 

and bna or ba?' : tan or w* : : xh or ■ y^ ■ :p/^ 

; : bbdy^pgc : pic X ^^^/, 
J2 (Pt. 24. — will (by the properties of the Conic 

* iSeftions)] becaufe any tangent may be fuppofed to 
cut the curve in two points infinitely near each o- 
other, therefore (by Cor. 4. Pr. 44. B. I. Ellipfis) 
thcfe proportions follow. Alfo draw ho \\ to ga^ ta 
interfedt pgj and let nk* ^i tkw. Then tkw or 
n^ iba"- w dkb : bhd : : kf- ibr^. And nk :ba: i 
kr : br. And », r, ^, f^l" intone right line. A- 
^in, kn* : ga^ : : kp^ : ^/>*.* And kn : gn : : ^^ : ^/^. 
Whence », ^, <^ fall in one right line. And there- 
fore the points p^ r, a are in one right line. 

13, [Lem. 22. Thus any right lines converging] 
Let the lines be kg^ kb. Draw OB, O^D, and 
pe II to »B. Let m^ q be the projefted points of 
J and b. Then ( becaufe jn the point B,OB =z OL , ) 
mn (or B» — Bm) :=:fr. Alfo qp (or ^/ — e?, ; 
bg (or Dj^ — Di&) : : O^ : ^D : : AB : AD : :/^ r 
«iii : bg. Therefore qp = mn^ therefore pn^ t/^ 
(which are the projedcd lines of I'r, bf^) are paralki., 

[ib. 
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[ib. wc fliall h^vc the folution required] For the Fig. 
figure bgi fqppored now to be given, may be tranf- 1 3* 
formed into the firft figure HGI, by making as Od 
to dgy fo is OD to DG parallel to the radius AO. 

[ib. For as often as two conic feftions] For thefc 
conic fe£tions being transformed into fimpler ones, 
give the point of interfeftion ; and thereby is had 
aQ ordinate drawn from that point of interfeftion 
in the transformed curves, correfponding to the in* 
ter&^tion of the given curves. 

[Pr. 25.] Let KG, KH be two tangents meet* 141. 
ifig in K, yx the third tangent meeting ia itiy. Let 
the lines KH, KG be projedted in ki lb ; and yk^ 
yx into ^/, *&; then you have the parallelogram 
inkl ; then proceed according to the propofition. 

[ib. For by the }>roperties of the conic fedtions] 
by cor. 4. Pr. 44. Conies I. 

[ib. But according as the points] This is plain, igi 
from the nature of the ellipfis and hyperbola^ and i6. 
the figure cannot be a parabola, by rcafon of two 
parallel tangents ib and kL 

[Lem. aj.] The Lem. is univerfal, as will ap- 17. 
pear by applying the demonftration to this fig. i y. 

[Lem. 24, from the nature of the conic feftions} 
by Pr. 46. B. L of my Conic Sedions. 

[ib. cor. I.] This holds as well when the tan- 18,. 
gent FG is on the other fide. , 

[Lem. 25. alfo KH is to HL] by Cor. i. Lem, 
24, for the tangents 'FH, LH cut the parallel tan- 
gents ML, IK in F and |C. 

[Lem. 25. cor. 2.] This holds as well when qe ^9^ 
is on the other fide of the figure ; for, in all cafes 
(by cor. i .) KQx ME is given wherever the points 
QrE fall, as fuppofc by, e: for (by cor, 1. Lem. 
24.) % : AM or BK : : H : /M. And by divifion 
Kq : BK : : MI : ^M. And Kq x ^M == BK X 
MI =: (by the prop.) KQ x ME •, and KO : M^ : : 
{Kq : MK : Qj : Ef. 
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Fig. [ib; cor. 3.] for fincc ^M : ME : : QK : Kf. 

19. Therefore (by Lemma 23.)' if the right Hncs eQ^ 
MK, arid Eq be drawn, the points of bifeftion 
will be placed in a right line given in polition. 

[Pr. 27. Sch. defcribe the circle BKGC] for the 
angle BKC (which is equal to the fum of the 
l^ven angles PBK and KCP) is always given. 

[ib. and when thofe other legs CK, BKJ For 
it mull be obferved, that when the lines BP, CP^ 
touch the curve at an infinite diftance, that thefe • 
lines are parallel to one another, and to the aflymp« 
tote. Then to know the pofition of the afTymp* 
tote ; as the lines Bit, Ck revolve round the circle, 
the interfe&ion k will fometime fall into the line 
MN, as at the point N, then BN is parallel to one 
aflymptote. For the interfedion muft necefikril/ 
fall in the line MN. And for the fame reafon the 
line BM will be parallel to the other aflymptote. 
And therefore if the angle between them be bifedr* 
cd by the line OH Cwhich is done by the perp, 
OH), then that line Is the greater axis, or parallel 
to it. 

[ib. Sch. But the fquares of the axes] For the 
angle NBM = angle between the aflymp totes =:: 
NLM, and NLH =: half the angle of the aflymp- 
totes. Therefore LH is to HN, as the tranfveric 
to the conjugate. And the fquares of thefe axes, 
are as LH* to HN% or as HN* to HK% that is, 
as LH to HK. 

20. [ib- There are alfo other Lemma's] For if the 
feftions are fimilar, and in fimilar pofition, and 
concentric ; the tangent acb in r, is parallel to the 
tangent dxe in Xy and therefore ab the ordinate is 
bifcfted in c the point of contaft. 

[Lem. 26. cor.] This is the fame with Prob. 32, 
of the Univerfal Arithmetic. 

[Lem. 27. cor. in the confliruftion] for then 
m:HF::(lXiXY::)ib:h/. AndlH:HG: I 

(iL •• 
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(ir'L : LM : :) ib : bg. Or, if it be made as /L : :Fig* 
LM : : IH : HG, it wiU be ib : bf:,: IH : HF; 20* 
therefore on the contrary, if it be ib: bf: : (iE : 
EV : : iX : XY : :) IH : HF. It will be iL i LM : t 
IH : HG, which comes to the former conftru£tion. 
For the folution of Prop. 22, 23^ 24, 25, 26, 27 ; 
fee Prop. 70, yi^ 72^ 73, 74, 75f B* HI- my 
Conic Sedions. 

[Pr. 29. Sch.] Make alfo KA to AS, and LT to 2 n 
AT, as HG to GF, and draw MSj NA. Then 
the figures SAKM and ATLN are fimilar to 
FGHI, and fince three of the angles S, A, K or 
A, T, L are in the proper lines CBj ED^ DB j if 
the fourth angle M or N, was in the fourth line 
EC, the problem would be rightly conftruded. 
Therefore it is plain, its place can be no wher€, 
but where the line MN interfed^s EC as at r, which 
is the place of the angle I. 

Now we are to prove that PQ cuts BA in / 
where F is to be placed. The triangle FGI is fi- 
milar to PE4(by conftru6lion)j and fuppofc them 
fimilar to ^/; then the triangles P//and Egi afc 
alfo fimilar ; for the angles at i are equal, and the 
fides, about thcfe angles proportional; therefore 
the angle Egi = P/i, and fince goi zz Q^/, cQf 
or PQE will be zz fig. So that to have^^ fimilar 
to FIG, PQF muft interfcft Eg in Q, to make the 

PQE = FIG, and the refl: follows of courfc. 
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[Pr. 30, Cor. i.l For the times are as the areas^ 
that is, as |GH x AS to ^ x AS X 2 AS. 

[ib. Cor. 2. J For wherever the point P falls, vi2i 
infinitely near A, ftill^GH X AS (= area APS) 
rr 4,AP X AS. And 8GH = 3AP. Therefore 
GH or the velocity of H : AP or the velocity of P 
2:3:8* But the velocity of H is every where 

B the 



!« ACOMMENToN 

Fig. the fame, for always ^GH x AS = area ASFr 
And GH OC ASP CX time of defcribing A P. . 

[ib. Cor. J.J For AP is the chord of a circle paf- . 
ling thro* A, S, P ; and whofe cehter is H. 

[Pr. 31. as GK the difference J For when F 

comes to touch the li/ie GH, the point A will be 

diftant towards G, from the hne FQO (which will 

then be -»- to GH) by the fine of AOR or AOQ; 

and is then at L -, therefore GK n arc GF -^ fine 

of the arc AQ. And GK is as the time, and lb it 

was in the conftruftion ; therefore the point P is 

rightly found. 

i2. [}^ Sch. but Gnce] This is demonftrated in KeiPs 

2 ^. Aftron. leftures, pa. 289, 297 ; or thus. Let AON 

^* -=N. Since (AB:SH::) OQ: OS:: 57.25^578:8. 

Therefore B zz OS in degrees of the circle AQ- 

And fince (rad : fine of AOQ^: :) SO : SF : : B : D. 

Then will SF iz D in degrees. Let q be the true 

place of the body ; Q^ the afTumed place. Now 

fince the time is as the area S AQ^zr OAQ + SOO 

zz QA + SF X — ; therefore the time is as 

2 

AQ^+ SF. And therefore nearly as AQ + D, but 

accurately as A^ -f SE. Take N^ zz D. Now' 

OE : OQ.: : (LE or SE — SF or) N^ + N^ or q^ 

orQ^ — yQ: Qy. AndQ^: Q^::QE:OQ,by 

compofition, and becaufe QE n OQ^+ OE. But 

by conftruction OQ zz. ^ — And rad. (R) : 

' R 

cof. of AOQ^: : SO : OF or OE, therefore OE = 
SO X cof. M^QQ^ Wherefore Q^ : Q^ : : (QE zz ) 

OS X L ^ SO X cof. AQ , O^ Xj^ • • L + cof 
R ^ R ' R ' ' ^ ^^ * 

AQ : L. But N — AOQ^+ D := (AN — AQ 
+ N(p zz) Q^. Therefore Q^ zz E, and AOj = 
AO(i+ QOq zz AOQ^+ E, nearly, and there- 
fore 
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fore JE is rightly found. And repeating the lattteFigi 
work with theie new angles, there will be found 224 
the anglen F> G, H, I. 23* 

[ib. the area AIKP will be given] by Prop. 87. 
cor. 2. and ^chol. my Conic Seftiohs, Bi II. Alio 
AIKP =: OPA, by cor. i. Prop. 86. ib. 

Alfo area defcribed n ASQ^r^ ASP + PSQ^ 
= ASP + PQ-X 4SNf f nearly) = A (by fup- 
pofition) therefore A — ASP =: iSN X PQ.; 

and PQ =: ^-"^T^^^^ nearly. 

ib. and by fuch coniiputations. -^But the pafti- 244 
cular calculus! with the radius i and center JH de- 
fcribe the circle RSE 5 and draw SP, Sp^ HPT, 
Hpf. Let fall the perpendiculars^/, pu^ upon the 
lines HP, SP; which will be equal, becaufe the 
ajngles/>P/(HpB), and />P», are equal. 

Let the arch RT rfi z^ Sine TQ^ n: j, cof. 
HQ = X, SP -y, HP zz vy AOorOB is a, SO 
or OH r: », OD ir r. T zz mean anomaly, / r: 
iatus re£);um»* 

By fimilar fedors, HT (/) : HP (^) 1 1 Tf (z) : 

pi or pn zz vz. And the area 5£ii^ zz"^ z2 

2 2 

fluxion of BP3. But (cor. 2. Prop* 23^ ellipfis) 



nn 



vy zzcc + — X PM% and (cor. 2. Prop. 72, ib.) 

cc 

HP or V = — ^, and rad (i) t PH f---^ ) 

a + nx ^a + fix / 

: : S : PM r: ''' , therefore ^=cc +^^. 

a + nx a+nx^ 

and area SPp zz iccz + r r^^'^^sz ^^^^ ^ 

aa +"2j;7X&c. 

« — ■' — — . But sz iz -i-/c, and xz r: c 

zaa a^ * 

B 2 ^nk\ 
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*^*5- and fl = ^/T tTiercfore the area SF/> = i^j/^ ^ 
24. a ■ 

ifi!f£ _ «'^ and the fluent BSP = f^ _ 2£ 

» 2aa • 4 4** 

X area EHQT — 2-^ •, and correfted, BSP = 

6aa 

^+^X SfeaHrQ— ^. But RTQ = iz 
^ixs. Whence BSP = ^alz +^X iz-^^xs 



*-^.. 



•- — ^ r • — IX'—* X 1- •-#-. And 

J. -J. '•: 8;^»j /ax , nss ^ «, 

dividing, '2; — X -t-'+ -z- == ^^ 

2iJ' + aim B i o 

the mean anomaly. Whence z zzT + 
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4aa+2nH 

XfS.^T + .^..-4?- X S?f ', becaufe T is near- 

oa^ +Sann 

ly = ^j and 2;^^ =: S.2T. But fince n is very fmaU 

by fupporiticm; z:^r+J^x S.2T + — X 

4aa sa^ 

S.T\ Where the quantities -f^ X'S.aT, and 

4.aa 

— X S.T« are fmall arches to be added to T. 

Now D^c — —:=,JLxa — c -, and D X 

a a 

AO + OD=_Lx«« — ff = _ = »» nearly, 

becaufe c •=. a very near. Therefore sX : rad ( i ) 
: : vM : 4<j/7, and /.Y or Y ^in fmall arches) ir: 

-f^ ; alfo V J Y : : S T : rad (i^, ind V = Y x 

S.2T 

. . ■ ' / 
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S.2T = J^ X S.2T, which is our firft term, orF^g- 
4aa 24. 

his firft equation* 

Again, S.Z : nd (i) : : 4»D or 12f x a — c: 

a 

3AO* or 3<itf, and S.Z = H^ x« — c. But a+c 

3«' 

a + e 
- Tt nearly, therefore S.Z = l?f x ^ = ~ 

= i^', nearly. Alfo X : Z : : SIt' ; rad ( i ). And 
3«» 

X = Z X sir' = i!!l X S?f ', which is the fecond 

term, or his fecond equation. And when T is a. 
bove 90% then S.2T, and V will be negative, and 
<:BHF = T + X+V. 

He calls, Y or the greateft firft equation, 

4jtf 

becaufe it is greateft when S.2T zz i, and Tz=45^ 

And Z or i!L the greateft fecond equation, becaufe 

3^^ 

the greateft it can be is when S.T' =; i, or 
T ^ 90^ 

SECT. VIL 

[Pf. S2f to AB the principal femi-diameter] this 
fhould be 4.AB. 

[ib. cor. 2. J for the two firft terms of the prop, 
are in a ratio of equality, and fo the two laft. 

[Pr. 34. For ("by cor. 7. prop. 16.)] and cor. 6. 
prop. 4. 

[Pr. 35. The fame things fuppo^d] to wit, that 
the fpace CS is as the area SDh of the circle, rec- 
tangled hyperbola, or parabola. 

B 3 [Pi. 
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fig. [Prop. 37, as appears by prop. 34.] und cor. y. 
jj, pr. \6. r 

[Pr. 38, acquire the velocity CD.] by prop. 10, 
cor. 2, The periodical times of the ellipfis AD 
and AP are ccju^l. The time of dcfcribtng AP is 
(as APS, that is, as ADS or) as AD. Let the el- 
lipfis AP coincide with AC, and th^ time of de- 
jcribing AC will ftill be as AD. Further, draw 
cd II to CD ; becaufe the time of defcribing the 
whole ellipfes AD^, APp are equal; therefore in 
equal times they defcribe areas which are as the 
whole ellipfes, that is, as CD to CP, or ADS to 
APS. Wherefore in the time D defcribe AD or 
P^, P dcfcribes AP or P/>; ^pd (when P coincide^ 
with CJ, C defcribes AC or C^ ; therefore the velo- 
city of D : to velocity of C : : is as Dd :Cc:: or as 
SD to CD ; but SD and the velocity of D is given ; 
therefore the velocity of C is as CD. 

[Pr. 39. cor. 2, 3.] In thcfe cor. the line PD is 
the fpace the body would aftend to, or fall from,! 
(to acquire the velocity it is projefted With) by n, 
yniform centripetal force, according to cor. i. 

SECT. VIIL 

[Pr. 40, cor. 1.] This is evident, by fuppofing 

ITK convex towards C. 

26, [ib. cor. 2.1 for by fluxions, let AC =:P. CDs 

A zzx. Then DG OC *""^* (by hyp. and pr. 39.) 

and DEFG =: fluxion of the area oC x*^'^. An4 

the area DCbG oC — -. And when ;? becomes =^^ 

n 

the area ACi^B OC £l. Therefore ADGB OC 

n 

tLZZJH, And therefore by prop 39, the velocity 

in 



Ik 
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in D, at the diftance A or y, is OC /^IZlfl or^^S- 

fbecaufe misgiven, and ;^=:A) as v/P" — A*. 

N. B. If the force; is reciprocally as the diftance, 
the curve BGb will be a reulangled hyperbola, to 

the aflTymptotes AC, Cb ; for DG OC JL iz(fup- 

pofe to) i^ . And DG x CD = lb, which is the 

known property of the hyperbola. And the velo- 
city at C will be infinite, for the area AJiJbC is in- 
finite. An^ the velocity at any place D is as the 
hyperbolic area ABGD, which may be found by 
Stone's Fluxions, p. 54; or by Cor. 2. Proj5. 87. 
B. II. my Cdnic Seftions. 

[Pr. 4c. — in the Trajectofries found.] One be- 
ing given to find the other. 

[ib. given the circle VR] that is, CV is known. 

^ib. in the leaft given time,] thefe fmall parts of 
time are taken conftant and invariable. 

fib. and the triangle ICKj that is, the triangle 
will be mvarrable. 

[ib- andfuppofe the magnitude of Q,] This 
quantity is any conftain t quan tity, but unknown. 

Suppofe in feme cafe v/ABFD = ^ x IK, and Z 

zzibx KN. And in all cafes (by pr, 40.) v/AbhU 

O 
~ ^ X IK ; and in all cafes Z or -i. -zz b x KN, 

A 
that is in all cafes Q =z ^ X A x KN ; which is. 
plain, bccaufe Q^and A x KN arvconftant quan- 
tities, therefore if it be once V'ABFD : Z : : KI : 
KN, or ^ X IK : * X KN : : KI : KN -, it will always: 
be fo. 

In this prop, the line CE is indctermined ; and 
if Q were known, the areas of the curves ahz, and 
c^.v might be known to any dilhncc CE. 

B 4 [ib. 
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jTjg; [ib. cor. 3.] In fig. 4. Ne wt. Let CA — a 
CV = r, CD = x^ DF = j, v/^^ _ rr = n. 

Then the force DF being as — the fluxion of 
the area ABFD is—T , and the fluent as — , 

/7/t ...^ Vjtf« 

and correfted, the fluent is zi == area 

2aaxx 

» 

ABFD. Therefore the velocity at D is as 



\/aa—xx 



ax 
Then, 

1 . Suppofe a infinite, and x zzr^ then the area 

\/ABFD becomes V^ = JL. And fince at V, 

ar r 

the orbit IV is perp. to C V, therefore IK =: KN, 

and v/ABFD = Z = ^, that is, ^ 5= ^, and 

X r r 

Q = I, and Z = -; alfo v/aBFD z; :!^5^ 

^ ax 

— —zz— at any place I, and fince v/ABFD 
ax X 

(-L) : Z |-L) ;: IK : KN ; therefore TKnKN, 

and IN zz $ % therefor^ in this cafe the orbit is a 
circle, as VXR. 

2. K a he lefs than infinite, and fince at V, the 
orbit is perp. to CV as before, therefore IKziKN, 

and v/ABFD = -^, that is, ^^^^— ^ = - , or 

^ ar V 

A = -^, and Q = -. Whence Zzz^. There- 
ar r a ax 

fore D^ = — X / ^ -- / =; 



20^ rr — XX 

aaxx aaxx 



nx 



k 
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%y/rr-^x nx 2x^/rr—xx* *°* 

and flyx of the area VtffD = = fluxi- 

MTTX 

on of the feftor VCX, and the Fl. : 



"^^Vrr — XX 
= Seftor VCX, which is as the angle VCX. 
But, putting femiconjugate = Ct CH = Z, the 

TCZ 

hyperbolic feftor VCR = Fl. : — -z r.andCT 

^\/zz — rr 

= — . := ^, and z .= — . Then inftead of z and 

z X 

Zj putting their' values-, we ftiall have the hyp* 
feftor VCR = Fl. : —7= n -- x <^ir. feftor 

VCX. Therefore when 9c zz CT, the hyp. feftor 
VCR : cir. feftor CVX ii c in\ that is, becaufe 
the angle VCX is as the feftor CVX, the angle 
VCX IS to the hyper, feftor VCR in a given ratio. 
And fince CT or x continually decreafes, as the 
feftor VCR increafes, the body P draws continu- 
ally ne^er the center C 

3. If the velocity be greater than falling from 
an infinite height; the flux area ABFD = 

X^ and the fluent -IHi . But at firft the area 

X^ 2XX 

hh 

(fuppofe) z= — , and ;^ n:^ an infinite line; there- 
fore ABFD — ^ = J L, and ABFD 2: 

2 2aa 2XX 

bb ^ Mc—aa^ Therefore v/ABFD is as 
2 zaaxx 

^sxx — aa 



JMaaxx+xx^aa^^^^ fubftitution) ^i 



aaxx ' ' ' '>f aaxx 



But 
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^^f • But in V, Af = r, and v/ABFD = / 'ITZ^^ = 
*°' . ;__ *^ aarr 

^, and 0^= ^srr—aa ^^^^^ _Q _. s/srr^aa 

'" a * tf*. 

Then D3 = 7.== = ^ ; — 



•J 



_ sxx^^aa srr — aa 



maxx aaxx 

X Ax 
X ^ y = (by fubftitution) 7^==r» and 

XX 4^y/ ^x y.^ 

Arrx 

-z = flux, area YacD^ or of VCXL And 

2^v XX — rr » 

the Fl. : •-: zz fcdtor VCX, which is as 

2Xv/yx — rr 

the angle VCX. 

^^^ But in the ellipfis VRS, let CH rr z, femicon- 

* jugate ir c. Then the elliptic feftor VCR rr FI. : 

- , and LI rr— rr ;c, and % rr — - » 



^v^rr — zz Z , X 



— rrA; 



and z rr —IZ. Then putting for z and i .their 

XX 



values, and theelip. fcdlor VCR ir Fl. : 77 

n -1 X cir. feftor VCX j therefore when xrsCT, 
'A ■ 

the ellip. feftor VCR : cir. feftor VCX : : f : A ; 
that is, becaufe the angle VCX is as the fedor 
VCX ; the angle VCX is to the elliptic feflor VCR 
in a given ratio. And fince CT or x continually 
increafes, as the fcdlor VCR increafes, the body 
P goes continually further and further from the cen- 
ter C. 

fib. and the Centripetal Force becoming cen- 
trifugal] tor then the curve VPQ will turn up- 
wards \ 



V 
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wards J and the law of the force being the fame. Fig. 
it will be conftruftcd the fame way by the elliptic 27. 
"fcftors ; taking the point A between C and V. 
And here the velocity will increafe, as it recedes 
from the center C. But it can never revolve round 
this center. 

S fi C T. IX. 

[Pr. 44. or in antecedentia with a celerity] for ' 
then the line mnC falls beyond s^ sr being iz rky 
and xC* = irCk ; and confequently the point m 
falls without the circle. 

[ib. and with a lefc force] if the orbit moves . 
flower in antecedentia, than with twice the celerity 
of CP in confequentia ;' for then the point m falb 
within the circle, between r and s. 

The meaning of this Prop, is this, that the .dif- 
ference of the forces at different diftances from 
the center, are reciprocally as the cubes of the dif- 
tances (which forces are requifite to make the body 
move in ^ auicfcent or revolving orbit; and the 
diftances to oe the lame in both.) 

[ib. cor. I.] For mn reprefents the difference of 
the forces by which p revolves to », or P to K in 
equal times ; and the verfcd fine of RK reprefents 
the force whereby a body moves from R to K in 
the circle, in the fame time. 

fib. cor. 2. as half the latus reftum] for thefe 

forces arc as in or ar to Ifp or as. But arzz—zz—. 

rD aU 

And as Dispell at) : aR ; and asT> zz ^^* ^ ^^ 

, 2R 

_ ah^ X aD . ^. ^^ _ aV X ^D _ ab'' ,^,, 

r: — -, and as zz _- =: _-.. Whence 

2R jDx2K 2R 

thefe forces are as -4- to -f., or as R to tfC or C V 

au 2R 

in fig. 2. pi. 18. 

. [ib. 
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Fig. [ib. cor. 3.] For let the force in the immove- 

*7- able ellipfis be 5^, and in V it wiU be E^ or 
£Z- . And the force by which a body may revolve 

in a circle at the diftancc CV iSs iif: . And the 

difference of the forces in V (of revolving in the 
moveable and immoveable ellipfis) is Z7 * 

and in every altitude A is — 5 and die 

FFA 

force in the moveable ellipfis will he ■ ■ + 

RGG— RFF. 

A^ . 

*[ib. cor. 4.] After the fame manner a& in the 
two foregoing Corollaries ; becaufc when the velo- 
city is given, the force a curvature or reciprocally 

a radius of curvature; therefore T : R:: — ^ 

TT 

RVFF 
: -^-^ — , which is the force wherewith a body 

may revolve in a circle at the diftance CV, And 
by cor. i. FF : GG — FF : : 5X£L : 

—II , which is the difference of the 

forces (in the moveable and immoveable orbits) 

in the vertex, V. And by the prop. JL : -L : : 

-^ *^ ^ X^ A' 

RVGG— RVFF RVGG— RVFF , . , . . 
= : , which IS the 

T» A' 

difference of forces in every altitude A 5 and there- 
fore 
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fore the force in the moveable trajeftory i^k will 27. 

y_^ ^RVGG— RVFF 

beX + ■ ' i ■ . 

A' 

[ib. dor. 6.] In this cor. X ±: #, 4nd RVGG -^ 

RVFF is compounded of all given qiiantitiesi, and 

the force in ypk will then be ex — . This alfo ap- 

pears from the Prop, for the diflerence of the forces 
in P and p is as -J— but the force in one of them« 

viz. at P in the line VP is ; and therefore the 
other force in Ypk is the difference of the forces, 

and is as -i- • Alfo this curve is the fame with 

that in cor. 3. Pr. 41- for let vad be a circle ; and 28. 
by this cor. 6. < vcp qj <Cvcz oc arch va oc area 
'(fca oc arca vcb^ which is the conftruftion in con 
3. Fr. 41 5 alfo cp = cz or cx^ becaufe vz^ ax^ and 
bx are tatigents, which is alfo the fame conftru£lion 
as in cor. 3. Pr. 41. 

[Fr. 45, but orbits acquire the fame figure] Let g^, 
the fmall parts of the curve df^ fb^ bpj &c. be 
defcribed by a body A in indefinitely fmall given ' 
parts of time. And let another body B go from' 
D in the fame direftion dc; and with a velocity 
which is to the velocity of the former in the fub- 
duplicate ratio of the centripetal force of B to that 
of A ; and let it arrive at s in the aforefaid fmall 
given part of time. Now (ince efirs: : force of A : 
force of B : : velocity* of A : vel.* of B : : de^ : 
df* : : fquare of the time of B's moving thro' de : 
fquare of the time of B's moving through dr. 
Therefore, by Lem. 10, the body B will pais thro* 
/. And fmce rs is every where as rd*\ it is •vident 
the fame curve dsfw^xW be defcribed by both bodies, 
and which defg touches in d^f. Alfo the velocity of A 
in/ : vel. of A in ^ : : as perpendicuhr from C or 

de : 
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Fig. de : to -i- on fg : : vcl. of B in/ : vel, of B in J. 

29, And vcl. of A in/: velocity of B in/: : vel. A in 
d : vcl. of B in D : : de :dr\ that is in a given ratio ; 
that is^ : to/fr, and bnto hl^ and />^ to.pt are in 
a given ratio % and therefore wl^en A Is arrivmi 
at^, B would be at k^ and fincpe ghikii igf'ik/^ :i 
ed^: rd^ : :ef: rs'^ or. gb : ef: :ii : rs,\ that is, the 
centripetal of A to that of B at equal diftances 
being in a given ratio, B will pafs thro* /, and con- 
fequcntly thro' b. After the fame mahncf it may 
be proved, that the body B will pafs thro* the points 
M, p, «, jfj and defcribe the fame curye with the 
body A. 

Further, if another body D move thro* Br 1| to 
, de^ and with a velocity which is to the velocity of 
A as CB to C J, and be afted upon by a fidrce whidi 
in the points /3, S^ z^ &c. is to the force in the 
points dj /, i, &c. refpedively, as C^ to CJf 
Ci to C/, Cz to Ch, &c. Then I fay the curve 
dcfcribed by the body D, viz. (3&<p« will be ftmiltr 
, to the curve dfhpy ; for in the time that A would 
arrive at Cy D would arrive at y ; and bccaufc 
Cy : C^ : : .C/3 : Cd : : force at P : force an di : 
yS: ef: : Cr — y^orCS: Qe-^ef orCf% andQ3 : 
CJ : : Cd : C/j yS is every where as yfi* in all the 
points between p and y (by Lem. 10.) it is maoifeft 
the fig. CPJ is' fimilar to the fig. Qdfi, and the tan- 
gent Jf II to fg ; and becaufe the areas Cgf : Cfd : : 
Ciy : CS^ ; wherefore when A comes' to g^ D comes 
to I ; h\Mgh : fz : : C/: Qi-.iCgiCmCb \ Cz, as 
before -, and Cf :Qh : :CS i Cz, whence the fig. 
CSz is fimilar to Cfh \ and after the fame manner 
it will be proved, that the nafcent figures Cz(p, C^«, 
are fimilar to Chp^ Qpy ; and therefore the whole 
figure ^cTz^w is fimilar to the figure dfhpy. 

Or univcrfally, if the orbits ^h^ and dfp are fi- 
milar. " CP OC 7<^ OC force X time* of defcri- 

bing 
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bing ^i OC force X — r^5-r OC force x -^^.. ^^ 
^ ^ velocity velocity 30. 

Therefore velocity* a force X diftance CjS, Whence 
if C.S be given, velocity ex v^force ; and if velo- 
city OC C(3, force oC Cp alfo, which agrees with 
what went before. If the force be given, velocity 

OC \/Cp. If velocity be given, force oC — ^ 
fib. Exam. i,L3.]hereT^-3TTX+3TX--X» 

is twice repeated in the Englifli, which is wrong. 

[ib. By this collation of the terms] for fince the 
fame figure will be defcribed by making the cen-' 
tripetal force proportional at equal diftances (alter- 
ing the velocity in the fubduplicate ratio of the 
force) ; and fince, when R is nearly zz T ; and x 
very fmall, the centripetal force in the revolving 
ellipfis will be as RGG — FF;ir, and in this orbit 
(becaufe in both, the denominator A' is the fame) 
is as T^ -— 3Trx, therefore thefc forces ought to 
be proportional at all diftances, viz« when x z=: 0^ 
and any other indeterminate diftance A or T — x 1 
wlierefore (in theie two cafes) RGG : T* ; : 
RGG — FF^ : Tj — 3TTA: : : (and by divifion) 
FF* : jTT;^ : : FF : »TT, which is the conftruc- 
tion of the problem. After the fame manner in 
example id, the centripetal force in the revolving 
ellipfis, and this new orbir, will be as RGG — FFy, 
and T» — n T«— 'x, and to have the orbits fimilar, 
putting X ziz 0, RGG : T» : : (putting T — • a; for 
any indeterminate diftance) RGG — FF;^ : T" — » 
T"— »x : : (by divifion) FFa' : «T»— »x : •- FF : 
j^Y«— r. Atteir the fame manner in Rxanip. 3, it 
will be RGG : ^T« + r T« : : (RGG — FF;^ : 
^T'" + fT« — mbY"'—^x — nct^'-'^x) : : FFx : 
fff^Yfu -Jx + «c:X''"*^v. Or GG : /?T'«—' + rT»-< 



« • 
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^^S- : : FF : w^T»-i + »fT«-'. The quantity -^^. 

AA 

, RGG— RFF ,• ^ \ • • -,- ,, 

+ 2 (in cor. 2. pv. 44.) IS univerfally 

as the centripetal force, whether the apfides move 
backwards or forwards, for G : F i : VCp : VCP: : 
(p. 180.) pCn : pCk. And, the force in the revolv- 
ing ellipfis is greater than in the immoveable one, 
when n (fig. 2,) is without the line ks ; and in that 

cafe (F is left than G, and; + RGG— RFF ^.^ 

Aj 

be affirmative. But the force is lefs when n falls 

between k and j, for then (F is greater than G, 

jx RGG— RFF . • . f , 

and) + i is negative, as it ought to be. 

A' 

SECT. X. 

[Pr. 50. it is evident from the conftruftion] 
Since VP touches the curve in P, and PB is -** 
thereto, therefore B is the point of conta6t of the 
circle AD, and the wheel or generating circlt, and 
therefore BV z: AO. Alfo fince WT is -4- to TV, 
•therefore V is the point of contadb of the generating 
circle (whofe diameter is VW) and OS, whence 
VW n OR, The figures are fimiJar, becaufe their 
axes are as the radii of the fpheres. 

[Pr. 52. hence fince in unequal — i] fuppofe TR 

3^' to be a fmaller ofcillation, to find the velocity in I ^ 

take St : SR : : TI : TR ; then velocity at R in the 

arc TR : velocity at R in SR : : TR : SR; and 

velocity at I in TR : velocity at R in TR : : 

. (Prop. 51.) velocity at / in SR : velocity at R in 

SR : :; \/SR* — /R* : SR. And ex equ o velocity at 

i in TR : velocity at R in SR : : TR^/SR" -wlcl 
. TR 



-v/SR^ — /R* : SR : : (becaufe SR r 



Sir : 

SR 

TR : : /R : IR as) \/tR* — IR* : SR. 

[ib. 
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[ib. THere are obtained from the times given] Fig, 
for in two unequal arches, two correfponding parts 
'are defcribed in equal times (fby Prop. 51. J) there- 
fore the velocities in thefe points will be as the en- 
tire arcs ; and therefore both the velocities and 
arches will be known. 

[ib. And if the abfolute force of any globe] that 
is, the force at a given diftance be called V ; then the 
force at the diftance CO is CO x V. But in a given 
time, HY is as the force ; whence CO. x V is as 
HY, and therefore HY is defcribed in a given time. 

[ib. cor. I. For this time] for then AR zr AC, 
and V is given ; therefore, this time : time of -J. 

ofciUatioir : : 742 : /^ : : i : /^. 

^AC ^^AC VAC 

.[ib. cor. 2. But in that cafe] for (in fig. 2. pi. 19.) 

by cor. i , 2, pr. 49. AS : B^z; : : PS : PV ; : 2CE : 

CB (in this cafe as) : : 2 : i : : (and by divifion^ 

AP : BV — PV ; whence AP zz 2BV ~ 2 PV 5 but 

RV PV 

verfedfineof^PB zzzl Ll, for cofine zr^PV; 

• . '2 

and 4:VB — ^VP = verfed fine. 

[ib. as M. Huygens] all this is demonftrated in 
Xeirs Philofophy. See my large book of Mecha- 
nics, Prop. 40. cor. 4. 

[Pr. 56, let the projeftion] T is projefted into 
P and / into />• 

[ib. as alfo its pofition] The greater axis 2T/ 
is perpendicular to PO. 

[ib. and fince the area PO/>] for let ^I5l2E£ =sp, 3 ^r 

which is given (sp being J- to PO) ; and PB* : 
Pr* ; : PB* — SP* : PS* ; whence Ps is given, and 
thence SO, the angle PO/), Op and P^, the pointy, 
and angle OP/). 

S E C T. XI. 

[Pr, 57, and about each other] confidering ei- 
ther body as at reft. 

c [Pr. 
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Fig. [Pr. 58, by the fame forces there may be des- 
cribed, &c.] that is, by making the velocity to the 

former velocity as {j^sp to v^CP, that is as) y/P + S 

to v^S^ ^ appears by the Prop. 

[Pr. 60, in a ratio fefquiplicatc] it (hould be fub- 
fefquiplicate. 

[ib. of the oth er ellipfu,] As St : S + P^. Let 

iSr : « : ^ : ii + P^ be — . Then SI : S + Pr : : 

• • _ _ _ ■ 

(S : ^^ : ^' : S + P. But (fince S + P : f? : : a^ : s) 
e"^ is the firft of two mean proportionals between 
S + P and S. 

[Pr. 61.] Note, if a body were placed in the cen- 
ter of gravity, and whofe force would be fufficient 
to caule one of the bodies to revolve around it, an4 
to defcribe the fame figure -, yet it would not caufe 
the other body (if it were unequal) to defcribe its 
figure, except in that law of centripetal force, which 
is as the diftance where the periodic times are all 
equal. For, to preferve the fame motion as be- 
fore, either body muft be attrafted to the body in 
the center of gravity, with a force which is as the 
other body, or as its own diftance, which is the 
cafe of one body attrafling another; and holds on*- 
, ly (in the cafe of their being attraded by a third 
body in the center of gravity) in the law of cen- 
tripetal force before-mentioned. And therefore in 
Pr. 62.] The foregoing note is to be obferved. 
Pr. 64. This would be the cafe] For this only 
caufes the bodiels T, L, to revolve more fwiftly 
round their center of gravity D, but affefts not the 
other bodies. 

{lb. with equal periodical times.] By the fore- 
going (in the three bodies S, T, L) the body S 
defcribes an ellipfis round C ; and, by confidering 
the center of gravity of S, T, as defcribing an el- 
lipfis Cas before of T, L,) it will appear the fame- 
way that' the body L defcribes an ellipfis round Qy 
and as the center gf gravity of S, L, defcribes an 

ellipSs^ 



B. t t tt 1 P R I N C 1 ? 1 A. ii 

ellipfis, fo T defcribes an ellipfis alfa, round C. Fig* 
Further, from what went b efore, the cent ripetal 

fo rce of S tow ards C, is as T + L x SC + CD, 

or T + L + S X SC. A lfo the centr ipetal force 

of T towards D, is as LxTD + DL + SxTD 

(which latter part arifcs from the refolution of the 
JForce ST into S D, DT, and DT a6ts towards D^, 

or as T+L+S X TD. Now By cor 2, 8. pf. 4* 
The periodic times arc in the fubduplicate ratio of 
the radii direftly, and the fubduplicate ratio of the 
forces invcrlly : therefore the periodic time of S^ 
round C : periodic time of T, round D : : 
SC / TD 



y--J£_ : J, 



_ == •• and are 

SCxT+L+S "^^ TDxT4-L+S 

therefore equal ; fo that after one revolution, the 

bodies all f eturn to their firft places. 

After the fame manner the point Q and a fourth * 
body V, as alfo the bodies S, T, L, will defcribe 
ellipfis round their common center of gravity B^ 
for any one, and the center of .gravity of the othet 
three will defcribe cHipfes ; and the cafe is the fame 
if there were more bodies. Alfo, as before, and 
by a like refolutidn of forces, fince the forces VS, 
VT, VL, are refolved into VC, CS ; VC, CT 1 
VC, CL J the former adking in the direftion of CV 
towards V, the latter to C their center of gravity ^ 
and are as the diitances of the bodies therefrom, as 
before 5 they will therefore ftill move round their 
center of gravity C as before, but fwifter, altho* 
all the four revolve round B. Alfo periodic time 
of V round B : periodic time of S round C ; : 

/ BV / SC 

'^ S +T+LxCB+BV ' ^ T+i.xSxSC+VxSC; 

t t (that IS, as) V t + L + S+VxBV ' 

/ SC 

a/ ' . -—i. • • 1 and are therefore cdual j 

^ T+L+S+VxSC ^ 

C 3 and 
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Fig and if more bodies were added, all the bodies 
would perform their revolutions in equal periodic 
times. ^ E. D. 

[Pr. 66. cor. 2. Such is the force NM.] This- 
force always afts from P in a dire<5lion parallel tQ 
TS, and from M towards T. 

[ib. cor. 6. the periodic time will be increafed,! 

Rad 1 

for then the periodic time is OC -72^-^, which is 

^ y/force 

a greater ratio than Rad 4, becaufe the force is di- 

miniftied. 

[ib. cor. 7. the upper apfis to go backwards} for 

H 2 > — 2. And — -- :> I ; therefore » is ^ 

than m. Alfo put D r: diftance (r z= a given quan« 
tity,) and the force is y — j^jj— , or rather) as 

Y\^\ I , and when the diftance increafes, the dc- 

creafe of the force is D* + JL, which is left than 

D 

D* + — , which is the decreafe according to the 

duplicate ratio, Alfo at the conjunftion, &c. the 
force of P towards T is, the centripetal force of 
T + LM — TM, or the centripetal force of 
T - KL. Alfo the decreafe of the force is as 

J* — JL , which is greater than i' — , or the 

d d 

decreafe according to the duplicate ratio. And 

— 3 < — 2 i and n <Cm, 

m 

[ib. cor. 7. The truth of this] for then the fur- 
ther P recedes from T the more it is attradled to- 
wards the bodies S, vS, and therefore lefs towards 
T, than it would otherwife be. 

lib. 
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- fib* cor. 8. when the apfides are in the fyzygesjFig, 
for then NM is greater, and LM lefs, than be- 
fore, 

[ib. cor. 9. Now therefore — 1 For the ratio of 
KL to LM is leaft when the apfides are in the qua- 
dratures, and grcateft in the fyzyges. 

[ib. For the forces LM] as is fcewn in cor, 7. 

[ib. cor. 10, from the fyzyges to the quadra- 
tures] for after the fyzyges, the body P by the ac- 
tion of S, is made to move in lines which fuccef- 
lively cut the plane TPS at greater and greater an- 
gles. And for the fame reafon at the 90° from the 
oftants (between C and A), the body is drawn in- 
to lines (or little planes) which cut 1 P$ at greater 
and greater angles, which before 90° cut it at lels 
and lefs. 

[ib. and by a like reafoningl for the inclination 32. 
is increafed from u to D, diminiihed from D to S, 
increafed from S to C, diminiihed from C to « -, as 
is plain by fuppofing T and any point p wherein 
the body is, to be joined ; and the plane fTt to re- 
volve round />T, till it pafs thro' the new place of 
the body ^, (which it acquires either above or be- 
low the plane pTt,) by the (aftion of S upon it, or 
the) force NM -, and then it will appear, how that 
new acquired plane cuts the plane SCT, whether 
in a greater or leffer angle 

[ib. cor. 1 1. — from the former plane CD] Since 
the inclination of the orbit is diminiihed from C 
to A, the interfeftion with TSE will move from C 
to B, and from D to A ; and feeing that inclination 
is increafed from A to D, the interfedlion (or nodes) 
will ftill move towards B and towards A. 

[ib. being always either retrograde] that is, con- 
fidering a whole revolution ; for in fome points 
they go forward. 

fib. cor. 13. And fince the caufes and propor- 
tions] to one another, and to the force of S, &c. 

C 3 [ib. 
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Fig« [^b. cor. 14. But fince the forces] For SK t L.M 
: : accelerating force of T towards S : perturbating 
force of S. And therefore the perturbating fbrcQj 
;^r c LM X accelerating force of T towards S 

pf S = ^ SK ' ■■ - ' 

But fince SK = ST nearly, and LM (in its mean 
quantity) ^z PT. And the accelerating force 0/ T 
towards S, is as the body S dircftly, and ST^ re- 
ciprocally ; therefore the perturbating forces LM, 

NM OC ^^^l^ r th« is. OC 

^PTxbod^s OrOCPTxden, 

p periodic time or T round S 
fity of S X cub. apparent diameter of S. (for th© 
apparent diameter is as the real diameter direftly, 
^nd the dillance reciprocally) 

fib. cor. 1.6, fquare of the periodical time of the 
body P conjunftly.] This holds as true in the fy- 
nodic time of the body P, (fince the a6tion of the 
forces that caufe thefe errors begin and end ^t tlie 
quadratures, which comes to the fame, as if they 
begun and ended at the fyzyges) fee what follows. 

[ib. and hence the angular errors] thefe in one 
revolution are as the linear errors direftly, and the 
radius or diftance reciprocally, that is, as the forcea 
and-fquare of the time of revolution of P, direft- 
ly, and the difl:ance.TP reciprocally, that is fbe- 
caufe the force QC TP) as Square of the time pf 
revolution. 

[ib Let thefe ratio's] The angular errors of P 
oblerved from T are as ^Q^-^^^.x time;^ ^j^^^ j^ ^j^^ 

i^rsr 1 . > OC PT X body S x time* ,1 , • . 
cor. 14.) as _- ^ . — ^ ^ that is, in 

"T X D 1 s periodic time 
the time of one revolution of P (and if S he gi- 
v/.n^ ^o C) time of P's revolution 
p periodic time of T 

[ib. 
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[ib. both thefe motions will be a$ the periodiqal Fig. 
time of the body P, dircdlly,] for the angular mo- 32. 
tion or velocity, or the mean angular errors, are as 
the fum of all the angular errors in any time di- 
redlly, and the time reciprocally •, that is, (in the ' 
periodic time) as 
body S X D time of P*s revolution 

time of P's revolution x D periodic time of T» 
that is, as body S x time of P's revolutioa direftly, 
and the fquare of the periodic time of T, recipro- 
cally, 

[Cor. 20. And thence the greateft height of the 
water j This is explained by Worfter in his (Ex- 
perimental) Philofophy, page 72. Alio fee my 
Geography, Prop. 12. Se6t. I. 

SECT. XIL 

[Pr. yg. As the lineola D^,] when the radius of 
the fphere is given ; and when the radius is not gi- 
ven, as Dd and the radius conjundtly; therefore 
ASt and alio PS -or PE, may be of any magni.- 
tude. 

[ib. the fum of all the redangles PD x DJ] that 

is. as PL±P£ X DF. or P!:±£e X Pfi::pd; 

2 2 

PF* — PD\ 



or 



l ] » I 1 11 > 



[Pr. 80, The whok force of the fphere will be 
as the whole area AN8.] Alfo it is manifeft, that 
the attradtion or force of any part of the fphere 
FEB, is as the cgrrefpondent part of the area 
DNB. 

[Pr. 81. Ex. I.] The area SL into AB z: SL 
X AB, becaufe both SL and AB are given* And 
the area LD into AB is a trapezoid, whofe bafe is 
AB, and the two parallel fides liA and LB ; for 
as the point D removes nearer A, the ordinate LD 

C 4 decreafesf 
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Fig.decrcafes (from B where i t is LB ) to A, Cwhcre it 
^ ' is LA) -, and that area is LA + LB ^ ^g^ ^^ 



LA + LB ^ 7-5 p^ . . LB» ~ LA 

X LB — LA, that is, 



2 ' ' 2 ' 

or It is g^^-A + AB ^ ^g^ ^j^^^ .^ j^g ^ ^g^ ^^^ 

the ordinate — , is the ordinate of an hyperbola 

between the aflymptotes, whofe center is L, and one 
affymptote LB -, for ALB is a given reftangle, and 

ALB 

the nature of the hyperbola is that ^ (LD the 

part of the aflymptote being taken as the axis) is 
as the ordinate erefted on D ; whence, the reafon 
of the conftrudion will be evident ; tor ^ AB^ is 
the aforefaid trapezoid, by conftruftion ; alfo in the 
hyperbola ab, the rectangle LB x Bp is given, but 
that (by conftruftion) is iz: the reftangleALB 5 
^hen the hyperbolic area ^ AB^ is that defcribed by 

the ordinate ~ — : — . And the difference of that 

LD 

and the trapezoid (w! ich is the difference of the 
two firft areasj is the area aia required. 

[ib. Ex. 2. the third \ this is eafily 

calculated by fluxions, LD is a flowing quantity j 

the fluxion of the area is ^^^^^^xLD-^xLp. 

2 

And the whole area is ^LBxSI^ ^D-i, that is 

— 2 

ALB X SI ^ , u^^TT^ TON ALB X SI ^ 
^~i or (when LD = LB) ^^ : from 

— 2LD — 2LB 

this take the area ^when LD == LA> viz.) 

ALB 
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ALB X SI^ ^^^ jj^g difference is the area fought ^^* 

— 2LA. 
ALB X SI ALB X SI 

2LA 2LB 

[ib. Ex. 3.1 The fluxion of the firft area is 

SI* X SL 

Ty^jc — X LD—f X Li), and the whole area is 

V2SI 

2Sl*xSLxLD-i 2SPxSL 

or 7--== — 7==, and that 



2>I ' — v/zSIxv/LB 
part of the area on AB is - — . x 

^_ V^2Si 

The fluxion of the fecond area is 

v/LA x^LB 

SI* 
— := X LD— i X Li) i and the whole area 

2\/2Sl 

SI* SI* 
, X LDj, and the area on AB is ~- = v 

V^2SI ^ ■S/2SI ^ 

\/LB ^ — \/LA. Alfo the fliaxion of the 3d area is 

— = — X LD—i X Ld i and the whole area 

2v/2Sl 

SI* X ALB ,^ , , , ^„ . 

■=- X LD-J ; and the area on AB is 



3v^2SI 



SI* X ALB I 

X 



3v/2SI v/LA' \/LB' ' 

[ib. And thofe after due reduftion] LA, LI, 

LB are - ; for SP = ^. PI = -^ — SL 
•• SI SI 

SA* —SI* 

LI = — ^. AndLAzrPS — AS— LI= 

2SI 

SA* + Sr ^. ,., ,„ SA* + SP ^. 
— — SA. And LB = Jt- |-SA. 

But'k+iE _ SA : SAlr-_E : SA- + SI* 
2SI iHl 2SI 

SA, 
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Fig. S A, arc f^ , a$ will appear by multiply ing them; 
Hence y^LB— v/LA = v/zSI. For 2s/LixLA 
= 2SI =2LS--2SI=LB+LA^2SI. And LB+ 
LA — 2v/LBxLA = 2SI. And (by Evolution) 
y/LB — v/LA = v^aSl. Therefore the firft area 

An d the fecon d ar ea = SI*. A nd v/JUB'-'V'i-A' 
(= LB+LA X v^LB^s/LA + v/LB X v/ALB 
— v/AL x_v/ALB = 2LS X n/2SI + v/ALB x 

^2SI = aLS + LI X \/2^1) = 3 LI + 2SI X 

»/2SI. Whence the third area = ^I^XALB 

^ 3v/aSl 

v/LB' — v/LAj _ Sl'xgCl-TaSr _ «. . 
v^ALB« 3v/ALB = 3LI 

2SI» 

[Pr. 83. let us fuppofe] it (hftuld be, let that fu- 
perficies be not a purely, gzjQ. 9$ it U in the origUial. . 

SECT. XIII. 

[Pr. 90. cor. I, 2.] for the flu^cion of the area * 
is as D— "i) , and the area as or as— — i and 

the area ALIH, as .-.« — ^ — 1 — . 

[Pr. 91. cor* 1. And the other part -^5-1 for 

PF 

the fluxion of that area is z= _ X Pf =r 

PR 
PF 



v/RF*+PF 



- X Pf = RF'— PF* ' xPFxPf . And 



the area = RF*+PF*i - PR. And (the area on 

PB 
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PBi* PE-.AD; and on PA, PD— AD. AndPig* 
their difference) PE— PD, is the area on AB. 

(Pr. 91. cor. 2.] This is calculated in the Ap- 
pendix, by the Kelp of the Quadratures of Curves, 
which fee in Harris's Lex. vol, 2. 

And the cprve KRM is a conic feflion ; for the 
indetermined quantities rife only to two dimen- 
fions. Let SA =: r. SC = c. BE z=«. PB =*. 

ER* = PD* = PE* + ED* - T^u' + -^ X 

rr 



2CC . CC 



[Sch.,Pr. 93, andl fqppofethe force proportional.] 33; 
For confider A, B, as flowing quantities, and let 

m 

A be given = o. Now fmce A7;s B; therefore 
when A becomes A+ a=A + ^, B bocome^ 



^ I ' 



B + B, and then B + B = A + onzzAn +~ 

w—K ^* _^ ^^ m — 2« 

^A« + — ^^r^ ooA^ +&c. Now if any 



quantity A + / (where o is infinitely fmall) be 
involved •, the firft, fecond, third, &c. term, will 

m 

be refpeftivelyas the flowing quantity (A « ),thefir^ 
fecond, &c. fluxion of that quantity, as is demons 
ftrated in the quadrature of curves, Sch, to Pr. 1 1, 
(for which fee Harris's Lexicon.) Therefore 

ooA , ' is as the fecond fluxion of 



i»* — mn w — 2» 



zn' 



A^. Now if a (centrifugal) force aft from the 
line CD in tjie direftion B, and a body move in 
the curve CZ, the fluxion ot A will continue the 
fame always, and the force adting upon the body 
Vill be every where as the fecond flqxion of B, or 

of 
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Fig. « »* — «rj5r 

of A« (its equal), and therefore as — ~r 

^^A « ) or (becaufc o is given,) as '■ A « » 



or as — I B « . Or — -r— B « is as the 

centripetal force. This may be eaiilier (hewn by flux- 

ions only, by finding the 2d fluxion of (B of)A«"* 

SECT. XIV. . 

34. [Pf • 94' equal to the fquare of HM] for imagine 
25. a diameter drawn through H, and an ordinate to it 
through I, the abfcifla will be zi MI, and the or- 
dinate r: MH. Alfo compleating the figure, the 
tangent IP cuts from the diameter H^, Hp zz. Htf 
= MI ; therefore the triangles Hl-P, MLI are 
equal and fimilar, and HL zz LM. And thelatus 
redum to Ha is always the fame, whatever the an- 
crle of incidence be, if the velocity be given ; for 
the line H<i, that the body will defcribe in a given 
time> is given ; and the line dg^ that the body ap- 
proaches the pia;ic in a given time is given ; and 

therefore -— -, or ^ , or the latus reftum, is 

given. 

[Pr. 96. Sch. of the fecants] of the angles be- 
.tween the line of incidence and the plane. 

[Pr. 97, cor. 2.] The curve lines CP, CQ (be- 
ing every where perpendicular to AP, DK,) arc 
compofed of arches of circles ; therefore PD is the 
increment of AP or AC, and QD the decrement 
of QK or CK; and therefore thefe increments are 
as the fines of incidence and emergence. And i 
contra^ if PD, QD are as the fines of incidence 
and emergence, a body moving in the line PD, 
(hall emerge in the line QDK, by this Prop. 

[Pr. 
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[Pr. 98. and therefore QS to be always equal to Fig; 
CE i] For lince qqqq and ssss are always perpendi- |6» 
cular to qsy therefore fuppofing QS and iqs to in- 
terfed in K j then KQ— KS = K.iq — KS, that 
is qs = iq.s. Alfo let iq.K and 2q.s interfedt in T, 
then iq.s = iq.T — ST = 2T — jT z= 2q.s.,Alf6 
2qs =- 2.qy — SV = 3J.V — Sy = 3J.S ; and fo 
on, *till at laft qs^ coinciding with CE, will be e- 
qual thereto. Therefore QS is every where equal 
to CE. 

[ ib, Sch.] See the Author's Optics, where all 
thefe things are (hewn. 






i-'rrr- ^ »^.' 
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S E C T. I. 

[T)R. 2. cor. For if that area] by Marq. Hofpi- 
i tars Conic Sed. art. 219. And tny Conic 
Scft. Prop. 86, Hyperbola, cot. 6. 

fib. of the right line AC] by the convcrfe of 
Lem. I ; but the contrary does not hold, that is, 
if any area ABGD be taken for the tinw, that DC 
fliall reprefent the velocity, or AD the fpace.. 

[Pr. 3. And the refiftancej The force of gra- 
vity may be compared with the refiftance of the 
medium ; for they may both be confidered as uni- 
form prefllire. 

[ib. or AC to 4AK] For fuppofe a tangent to be 
drawn to the point B, then Kq : Cfubtangent =) 
AC ! : ^j : Bit or AK. And in general ia any area, 
as Mj/N.j it will be, AC : -iMN -(- NC : : (by the 

nature of the hyperbola) ^^ "^ ^^ : AB or Mm. 

2 

And by divifion AC : AM + 4rMN : : ^^ "^ ^^ 

J ^^ '^ ^^ : : area jMN/ : area smnf. But AG : 
2 

AM -1- 4- MN : : force of gravity : refiftance in the 

middle of the fourth time. Therefore, ^MN/ : 

smnt : : force of gravity : refiftance in the midilof 

the fourth time, and fo of the reflu 

gy^ And the like demonftration holds in afcending 

motion ; for let the reftangle ABDG be divided 

into innumerable reftangles Dk^ K/, hvt, M«, &c* 

which ftiall be as the decrements of the velocities 

produced in fo many equal times ; then will AE, 

A^, A/, Aw, &c. be as the whole velocities, and 

therefore as the refiftances of the medium in the 

begin- 
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beginning of each of the equal time^. Let AC : Fig. 
AK : : force of gravity : refiftance in the beginning 37. 
of the fecond time ; then to the force of gravity 
add the refiftances, and DEHC, K)tHC, L/HC, 
Mm HC, &c. will be as the abfolute forces, or oc de- 
crements of the velocities, oc Di, K/, Lw, M», &c, 
and therefore J-^ -, whence DGjK =:*K^rLr:L;*jM 
zz Mj/N, &c. will be oc the equal times or forces. 
But AC : MC : : Mi : AB. And by divifion AC : 
AM : : Mi : i9if : : area jMN/ : area smnt : : fand 
therefore as) force of gravity : refiftance in the fourth 
time ; and fo of the other areas. Therefore fince 
DGjK, K jrL, LrjM, Mj/N, are oc the gravita- 
ting forces, the areas GE^j, qklr^ rlms^ msnty oc 
refiftances in each time, OC velocities oC ipaccs 
defcribed. And by compofition, in the times 
DGrL, DGBA, the fpaces defcribed will be as 
GEIr, GEB. ^E.D. 

[ib. cor. 3.] For the difF. fpaces OC velocities 
(that is by cor. 2.) OC CA, CK, CL ( — )^ or OC 
AK, KL, LM ( ;-i } by lem. i. (fig. 3.) 

[ib. let that alfo be diftinguifti'd] This is true in 
this law of refiftance -, becaufe the motion loft is 
00 velocity oC remaining velocity OC fpaces de-* 
fcribed* 

' f Pr. 4. which is the locus of the point r. ^ E. D.] 
all the reft is plain by Prop. 2. and 3, and cor* 
Pn 2. 

[ib. cor. I. that is, if the parallelogram] For 

DA : CP : : DR : RX = Pii.>l^. ButDAB=: 
DA. 

DC — ACx AB =. (by the nature of the hyper- 
bola) AB— AQ X DC r: QB X DC =: (by con- 

ftrudion) N X CP. , And DA - ^^2^SL. Where- 

AB 

fore RX = ^^ X CP x AB _ DRxAB 

NxCP "*^ W ' 

fib. 



*. 
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Fig. [ib. cor. 4. DraF is alfo given.] by this prop. 

[ib. cor. 6.1 for then aDP OC ^"* ^^^' 



refiftance 

_laL_ ^ velocitr OC Velocity, 
velocity velocity 

[ib. cor. 7. the ratio -pj— [ For when this ratio 

is the fame with the other, the curves defcribed 
(and fuppofed to be defcribed) in thefe tv^o caieSji 
will be fimilar. 

S E C T II. 

Prop. 5. had been better expreffed thus, (tho' 
the tranflation agrees with the original.) 

If a body is rTftJted in the duplicate ratio of its VC" 
locity^ and moves by its innate force only, thr<f a 
fimilar medium ; and the fpaces be taken equal : I 
fay, that the times of their defcription are in a geo" 
metrical progreffton increafing \ and that the vdoci-- 
ties at the beginning of each of the times are in the 
fame geometrical progreffton (decreafing or)invfirfely. 
For it is plain, that the times may be taken in 
fuch a gometrical progreflion, as that the Ipaces 
cannot be equal, nor the velocities in the fame in« 
verfe progreffion. But if the fpaces are equal, 
the times and velocities will be in a geometrical 
progreffion, in verfe to one another. The dqmon- 
ftration is the fame however the prqpofition be ex- 
preffed. For it being proved that the lines AB, 
Ki:, L/, &c. being fquared, the fquares are as the 
differences of the lines ; and alfo that the fquares 
of the velocities are as the differences of the veld- 
cities. Therefore if AB and Kk be taken as the 
velocities in the beginning of the times AK, KL j 
and an hyperbola be drawn thro' the points B, /fr, 
to the affymptote CD ; (whofe center let be C ; all 
the other velocities will be as the lines L/, Mm, &c. 

becaufc 



B. IL T H B P R I N C I P I -A. 49 

becaufe the progreffion, of the lines as well as thepig. 
velocities, continues the fame all along. Whence 
the- fpaces (in thefe equal times) will be as the a- 
reas Ak^ K/, Lw, &c. and in the time AM, the 
^Ipace will be as AMwB. Now conceive the area 
AM;»B to be divided into the equal areas Ak^ K/ 
Lw, &c. Then will CA, CK, CL, &c. be ^' 
increafing; and the parts (by Lem. i.) AK, KL, 
LM, &c. which are as the times^j will be in the 
fame progreffion, increafing. Alfo the velocities 
AB, K*, L/, &c. (which are reciprocally as CA, 
CK, CL, &c.) will be in the fame progreffion in- 
verfely. ^ E. D. 

[Pr. 7, and times conjunftly] very fmall particles 
of time. 

[ib. they will always defcribe fpaces,] for the 
parts of fpace defcribed in thofe feveral particles of 
time, are as the refpeftive velocities x thofe feveral 
parts of time ; that is, as* the firft velocity X each 
part of time. And by compofitipn, the whole 
fpaces are as the firft velocities x whole times. 
4 E. D. 

[Prop. 7, cor. 3.] dele. Let thofe diameters 
applied to that power. 

[Pr. 8.] in fig. i, PI. 2, k ought to be beyond 
/ in refpefl: of A, &c. becaufe the refiftance de- 
creafes. But the demonftration is the fame any 
way. But this figure is not in the 1 ft or 2d Ed. of 
the original. In Prop. 8 and 9, AC reprefents the 
relative gravity, or its weight in the fluid. 

[Pr. 9. cor. 7.] For the greateft velocity is given 
(by Pr. 8. cor. 2, 3.) And thence the time of ac- 
quiring that velocity in free fpace. And ABNK 
(AB«i^', being given there is given A K, and.AP 
(Ap) and riTD (A/D). Then ADC : ADT 
(ADt) : : time of acquiring that greateft velocity 
' in free fpace : time fought. 

[Pr. 10. equal among themfelves] and very fmall. 

, D [ib. 
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Fig. ru Mix Nil u r 1 At 

o [lb. or ^C J as appears by nmilar As, pn> 

HI -^ 

duccd by letting fall a -J- from N on HI. 

If the velocity in GH be greater than the velo- 

/^LJ Tjr 

city in HI, the decrement is , andari- 

^ T / ' 

fes from the refiftance and gravity together (bc- 
caufe gravity draws the body from the tangent in- 
to the arch HI) 5 and if gravity aft not^ that de- 
crement would be greater (for gravity accelerates 

2MI X NI 

the motion), by ^ — •, therefore the decrc- 

/xHI 

ment, by the refiftance alone is — — — + 

2MIXNI 

/XNI ' 

. [ib. will be NI ;] for Q^ being a given (ratio er) 
quantity ; Qo will always reprefent MN, whatever 
the magnitude of be. 

And the ordinate Dl zz CH — MI. Alfo the 
value of Ml in the ordinate EK is (bccaufe be- 
comes 2.(7, and fubftituting 2 x^* for <?,) 2Q^ -f. 
4 Ro* + 8Re?' + &c. and therefore EK :r CH -^ 
2Q^ — 4R^* — 8S^^ — &c. Alfo in the ordinate 
BG, when becomes — ^, the value of Ml (by 
fubftituting — for 0) will be — Q^ + R^* — 
Sol + &c. And BG z: CH — MI (as before,) — 
p + Q^ _ Ro' + So' — &c. 

[ib. or — IL-I-Al for (becaufe is infinitely 

fmall) R, R + iSo, R + 38^, are both arithme- 
tical and geometrical proportionals. 

\i b. b y fafcjiitutlng the values — "j becomes 
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y;i+QQ 

kfting the fopexfluous powers or », or me quanti- 
ties infinitely lefs than the other,) oy/i + QQ — - 

[ib. latus redum ^*"| or Sll = (negleding 
the fuperfluous powers of 0) ^^ ^ ' + ^^ ^ 



R 

fib. p. 33, that a body by ^fcenidirtg from P] or 
any other point of the quadrant PF^ in the direc- 
tion of the arch of that quadrant. 

[ib. Ex. 3. the fecond term — ^— — ^] or ra- 

n aa 

ther — 0-^ — :^ Qo\ but the fouare is the 
ai n 

fame either way. 

- [ib. Ex. 4. for Q2] Jl^ o-^ JLoziiQo. 

[ib. Sch. And therefore if a curve] for the quan* 

S HT|»-« 

tity r7^ — -To is as the denfity, and if that 



be given the denfity is given. 

[ib. than thefe hyperbola's here defcribed. j For 
let the 2 mediums be of the fame denfity in the 
vertex of the curves ; then if the bodies be pro- 
jefted from A ; the uniform medium being more 
denfc, and the other lefs denfe at A, the body mov- 
* ing in the uniform medium will be more impeded^ 

D 2 and 
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Fig. and confequently wijl dcfcend the more, than- that 
defcribing the hyper,bpla, which is lefs refilled, and 
^ which therefore pioves nearer a ilreight line. 1 here- 
fore the. body rno\;iF\g in the uniform, medium \i 
more diftant from tlicaflyraptotes in the vertex of 
the figUT-e than thc^other body. But if the den- 
fities of the npiediurns. were fuppofcd eq\:ial in A \ 
then (by the fame way of reafoning), the body in> 
the uniibrxn medium would be nearer the aflTymp- 
totes in the vertex. And generally fpeaking, thefe 
curves cannot therefore differ very far. 

[ib. will touch the hyperbola in G,] for fuppofe 
the tangent TG to interleft MX. Then (by flux- 
ions) the diftance between that poipt of interfeftion 

and V, is rz - — . Then by fim. A's, : VG 

n n 

: : VX : TX — VG iz »VG. But VY = n\G. 

Therefore TX - GY. 

[ib. and the velocity! for the velocity (when the 

gravity is given) is as the ordinate of the parabola^ 

that is (the abfcifla being givco, by the gravity) as 

the v^latus redtum. 

[ib. Rule I.]. .For the velocities are as the y/'s 
of the latus redlum of* two parabola's, that is, as 

/2XY^ • . /2AH* f2Ah^ 

J ====——, that IS, as V-^rr" ^^ J "TT 
nn-^nyyG - Al ^ Al 

which (by fuppofition} are in a ratio of equality^ 

AH A/& 
and therefore -_ zz . Alfo fincethe denfi- 

Al Ai 

ties are equal; - T.t will, be given, tnat is . . 

3XY ^ 3AH 

=: "±1. Whence AH = Ab. Whence AH, 
^A:b . . 

AI, remaii? the fame ; and HX, which is compo- 

fed of AI and the iubcacgcnt to the axis XH, is 

the fame alfo. 

[Rule 
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[Rule 2.] For velocity cc^^L ex (becaufe^^^^ 

AH is given) y-i^ . 

[Rule 3. and therefore AH] for let'^ be the ra^ 

• , Ab , AH . , AH* Ah'' 
tio, then S^ — b -:— . And — --. zz - — = 

At • AI AI Ai 

b^xAb. ^yhcnce Ah = i^. Alfo ^ = 
AI b lii 

AH = ^ X ^- Whence Ai = ^. 

M/ A I bb , 

[Rule 4. a little greater] fince AH decreafes 
fatter than GT, therefore the fum of all or every 
AH + GT is IcfTer than the firft AH + GT X 
number of them. And therefore the fum of all 
the denfities (being' reciprocal thereto) is greater 
than the fum of as many denfities in A arid 
G. But the mean denfity, is zr , fum of all 
the denfities -j- by the number of them, and 
tf^crefore is fomething greater than the 4 fum 
of the denfities in A and G. But half fum den- 

•pties : denfity in A : : it ; GT. There- 

fore mean denfity : denfity in A :: is in oratio a. 

little greater than 1-X AK + GT : GT. 

[ib. Rule 5.] for HX zz AI + fubtangent zz 
AI -H nA\. XN being the axis 

I'ib. Rule 6. by how much] for the variation of 
curvature in one of thefe hyperbola's, where n is 
great, is leaft in the part AG, and fo it is in the 
curve of projeftion, where the velocity is greateft; 
lo they agree in that part. But they differ more in 
the {MfC UK, where the projedile approaches to a 
up.::'(;r:"n mot: :\\, 

[ib. Rule 7.] AH to 2AI, ought to be 3 AH 
to 4AI. (But ri:e original Is AH to 2AI.) 

D 3 (ib. 
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Fig. [ib. Rule 8. whofe conjugate] hyperbola fhalt 
pafs thro' the point C. ' . 

[ib. what has been faid] for by fuppofing the in- 
dex » to be negative, VG (which before was a^ 
VX— «) will then be as VX% and the curve AG 
will be a parabpla, and what was demonftratcd ge- 
nerally of the hyperbola, will hold true (for any 
index, and therefore) for the parabola ; and all 
things will follow as before fubftituting -— » for ». 
38. But the' computation may be made for the para* 
bola, as for the other ; thus, let VG zr ^^XV» zz 
XO. Then the fubtangent ZT z= ifVG. And let 
XC zzdy ngzz Cy cC z= 0. Then VG =: a+o' zz 

tf" + na^—i + nx ^"~^ 00 + n X ZZZi x 

2 2 

^ni j»-3 ot =z P — Qo — Reo '— So\ Whence 
3 

Q=— »a"— . . R = — » X ^=li a*-*. S = — » 

2 

X -^^ X -^^ X oT'-i . Therefore the denfity 
23 . i 

in G IS as ( = ) -. — ; — r-r— % 

that is, as ■~^„. or as ~^, that is 

reciprocally as v/XC" + TZ\ And the fame may 
be found by fluxions, putting Q, R, S, for the ift, 
2d, 3d, fluxion of VG or XC". 

SECT. III. 

^ fPr, 12, and inverfly as the velocity T for the 
time, of defcribing a given fpace, is reciprocally 
as the velocity- 

{Fr. 13. cafe i, 2, 1^, the decrement or incre- 
ment PQJ in a given time. 

[ib. 
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ib. cor. and triangle do. I therefore ex equo^ &c.Fig- 
ib. ^ch ] For draw the indefinite line BAP, 39. 
,and niake BD perp. and equal to BA ; and draw 
DF, AF parallel co BA, BD. Let AP be the 
velocity, AP- + 2BAP the refiftance, AB» 
the force of gravity. Draw DTP, cutting FA in 
T, and the time of the whole afcent wiil be as the 
triangle DTA^ 

For draw DVQ cutting off PQthc moment of 
velocity, and DTV the moment of the triangle ; 
then tne decrement of the velocity PQ will be as 
the refiftance and gravity, AP* + 2BAP + AB* ; 
that is as BP*. But the area DTV is to the area 
DPQ, as DTVto DP% or as DF* to BP*; there- 
-fore fmce the area DPQ is as BP*, the area DTV 
will be as the given quantity DF*. Therefore the 
area ADT decrpafes uniformly as the time, by the 
fubduclion of given particles DTV •, ^nd therefore 
is proportional to the whole time of afcent, 

[Pr. 14. From the area DET] This (hould be ; 
from the moment KLON, fubdud DTV o^ iw x BD 
the moment of DET; and is only a falfe tranflation. 

\ ib. cor. or as V* ;] for the fpace is OC D of the 
time, that is, oc the fquare of DET or of BD X 

DE^X^ V 

DA 

BDxDE2<V jj^j^^ j^ (bccaufe BD, DE, DA are 
DA 

Siven) as V% or as ?^^\ 
<> ^ ' AB ' 

. lib. Sch. inftead of the. uniform refiftcince made 
to an afcending body \] this differs from gravity, 
only in this ; that it cannot generate an,y motion ; 
but it afts after the fame manner in all moving bo- 
dies in deftrbying their motion, as trayicy docs ifi 
dcftroying the motion of afcending bodies Gra- 
vity a6ts uniformly in a given direction. The force 

D 4 ariiing 



M OC (becaufe M = —~^ \ fquare of 
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Fig. arifmg from tenacity afts uniformly, tiut always in 
a dircfticn contrary to the motion of the body. A nd 
therefore when the body is at reft, it can induce 
no change in it. Now in the horizontal motion of 
a body in a fluid, which is rcfii^jd in part uniform- ' 
ly, one may fubllicute the force of gravity for that 
uniform refiltance, as in Pr. 8, 9; 13, 14 / nd 
in the afcent or defccnt of the body in a fluid,, in- 
ftead of the force of gravity, one mly fubftitute 
the fum or difference of that uniiorm force and 
the force of gravity, as In thelc propofitions, 

SECT. IV. 

In Prop 15. 

[And the decrements of thefe arcs arifing from 
the refiftancc, will be as the fquares of the times 
in which thty arc generated •,] for fince the arc's are 
infinitely fmall, the refiltiince afFefts the fame as an 
uniform centripetal force would do. 
Ao. ^^^' ^^^ decrement of the arch PQ^ will bej 
* for let q^ t be the points it wouM arrive at, in the 
fame times, in free fpace, then \^q ~ qt^ 

and PQ zz. Qr, therefore 
Qq zz q^ — Qr ; and adding Q^, iQj — Q/ — 
Qr iz /r ; and Q^ zr -" /r : but Q^ zr ~R/ ; there- 
fore /r zz iRi = Rr, and Q^ zz iRr. 

The fame demonllration of this Prop, holds 
good, as well in afccnding as in defcending motion. 
4^- [Cor. I. The velocity, &c,] tor luppofing PQ^ 
an arch of a circle whole center is /*, then if PQ^ 
or PT be as the velocity in both curves, TQ v/iU 
be as the centripetal force in both, but in both 

curves TQ^rz ^^ ; therefore Pfzi rad. of th^ 

2P/ 

circle defcribed with the fame velocity, 

[Cor. 
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[Cor. 4.. the body will defcend^ &c.] jfqr by cqr.jf ig'. 
I. t'he velocity in P in a refifting medium is zz ve- 
locity in a circle at diftance SP in free fpace; biit 
velocity at diftance SP in free fpace : to velocity at 
dift. iSP in free fpace ("by cor. 6. Prop. 4. B. V) 

or Prop. 34. : : as ^^ : to ^-1^ : : that is, ^/I 

: v/2 ; therefore, &c. 

[Cor. 7, or as 4^ AS' to AB] (for this fee my Geo- 
metrical Proportion, prop. 24.) 

.In Prop. 16. 

[And the refiftance, &c.] inftead of this propor- 
tion in pit>p. 1 5, viz. PQj Q\l : : SQ : \/bPxSQ, 

fubftitute this PCL: QR : : (SqJ : SPr : SQ^:' 
SQ + — SP — — SQ, (by prop. 24, of my Geo- 

met. Proportion) that is, as the defcribing veloci- 
ties, &c. 

[Cor. I.] For the refiftance : centripetal force : : 

2SQ^^ Sp 

I— in VQ^: PQ : : r—in OS \ OP. 

S E C T.- V. 

In Prop. 19. 

[Cafe 3, different fpherical parts have equal pref- 
furcs,] that is, different fpherical parts of equal 
magnitude. 

In Prop. 20. 

[And by a like reafoning, &c.] SuppoGng the 
thickners ui* cae orbs to be reciprocally as the force 
of gravity or the denficy of the fiuid, or in the 
complicate ratio of them-, and it will appear (as 

before)^ 
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Fig. before) that the bottom is prcffed with a cyhnder, 
of the fatme fluid ; whofe bafe is rz the bottom, 
and height that of the fluid, by the fame reafon- 
ing as before^ and prop. 19. 

In SchoL Pr. 22. 

[By a like reafoning, &c.] Let the force of gra- 
vity be reciprocally as the »th power of the dif- 
tance. The fpecific gravities at A, B, C, &c. will 
^ AH BI CK « A .1. A r ' 

SA^' SB«' "SC ' denflties CX 

fums of the preflures'oc ^^ ^ ^^ ^^ X «C 



SA« SB» 

SC" SA."-' SB"-C SC— « 

And /«, uw, &c. OC differences of the denfities OC 

.^^ , — ^ , &c. And /« X ?*, «w X ui OC 

SA"-' SB«-' 

AH21f^ B^ >^ "* OC ~ I oe L_ — 

SA»-' ' SB"-' SA»-'' SB'-'* SA—' 

' , __i — , &c. and therefore univer- 

SB"-' SB«-' SC»-' , , 

fallv ^ — ^ OC hyperbolic area tbmy. 

' SA"-' SE«-' 

^, ^ .. SA« SA« SA» ^, I 
Therefore .f g^^_, __, -_., or^^^, 

I I U^ • • .U^^ I I — 



i ^ be ~ ; then — i— 



SB«"->* Sc«-* • SA«^* SB«-* 

^ — — L— , and the areas proportional thereto 
SB«-' SO-^ . / 

will be equal, viz. thiu n: «/^«7, and therefore S/, 
S«, Sw;, that is, AH, BI, CK '^,. ^ E. D. then 
putting n fuccciTively n 3, 4, o — i, &c. the truth 
of the faid Scholium will appear. And fo on, ad 
infinitmn. 

[Other 



\ 
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[Other laws of condenfation, &c.] Snppofe theFig, 
compreffing force OC ' rth power of the denfity . 
Then' the fpecific gravities in A, B, &€• GC 

^^ , —^ &c. And the preffures in A, B, &c. 
SA* SB 

• —-. -J- Hz", &c. Now if thcfe funis were — , dieir 
SC ijD 

AH Ri 

differences — - , ^ , &c. would be in tKe fame 

SA SB \ 

AH 

T> and then the preffures in A, B, &c. OC — - 1 



V— ^ &c. OC denlitics OC AH% BI% &c. And 
SB 

therefore AH'-S BI'-' OC -L, _L.AndAH, 

SA* SB 

^^ ^ SAIE ' W^' '^^^'^ putting r = i. , 1., 

3 3 



.r — I r— I 



2, &c. all things will appejar as in this Schol. But 

now the aforelaid fums are not in geometrical pro- 

greflion,'becaufc it is plain their differences- are not, 

AH BI o r 'c AH Bi o .. 1 
VIZ. — - , -_, &c. for if - — , - — , &c. — , and 

SA SB SA SB 

feeing SA, SB &c. are -^, therefore (by Prop, i8, 
cor. 2. of my Geom. Proportion) AH, Bi, &c,, 
would be — which is falfe (except in the cafe of 
Prop. 21,) therefore neither thefe- differences, nor 
fums are ~. And confequently the conclufions of 
this Sch)3l. in this refpeft are not true. And there- 
fore it mult be prefumcd, that thQ Author meant 
, them only ro be nearly, and not perfeftl} true. 



In 



€o ACOMMENTow 

Fig. 

In Schol. Pr. 23. 

[All thefe things are, &c.] It fecms to me that 
the prop, holds true, tho' the centrifugal force be 
ektended to all diftances, in any given Taw, as well 
as when it ends at the next particle in the fame 
given law. For fuppofing the particles of the fluid 
to be placed in parallel planes, and that thefe planes 
^(5t on each other j the force of compreffion on any 
one plane will be made up of the feveral forces, 
pf all the other equidiftam parallel planes. There- 
fore fince the diftances of all thefe planes before 
compreflion are refpeftively proportional to their 
diftances after conipreflion from this given plane ; 
their adions on the given planjs befcye and after 
eortipreffion will alfo be proportional, (feeing theii* 
aftions or fprces are as fome^ power of the dif- 
tances) ; and their fums will be alfo proportional 
to thofe of any two correfponding planes, viz. as 
the neareft' to the neareft. In theie fort of par- 
ticles there will be required a greater force to pro- 
duce an equal condcnfation of an equal quantity 
of the fluid. But the denfity will be proportional 
to the compreflion, as betore. 

SECT VL 

In Prop. 24. 

Cor. 5. for let w, M r: quantities of mat- 
ter, w^ W zz weights, /, T — times, for the 
common pendulum /. Alfo L zz new pendulum. 
T zz new time, for M, and W. Then m : 

: : wU : WTT (by the Prop.) : : — :(— .- ) 

'\x7'T'nr* 

. And if ;;z, M ; /, T, are equal ; w a /, 



M 



L 

wliich is cor. 4. 



In 
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» 

In Prop. 27. ^ 

[If the refiftance in the arc B, &c.] If the re- 
fiftance in the arc A were to the refiftance in the 
arc B as AA to AB, the times would be • equal^ 
and therefore refiftance A A in the afrc A caufes 
the excefs of time above that in a non-refifting 
medium •, and refiftance AB in the arc B caufes the 
excefs of time in B above that in a non-refifting 
medium, equal to the former excefs, (becaufe with 
thefe refiftances) they are defcribed in equal time. 
But now if B be defcribed with a refiftance BB ; 
the excefs of time will be caus'd by that refiftance. 

[But thofe excefles, &c.] Now the excefi^es of 
time caufed by defcribing B with the refiftances 
AB, BB refpeftively, are as the Ipaces left un- 
defcribed after the given time ; that is, as the re- 
fiftances AB, BB nearly, or as A to B, viz. as the 
arches A, B. And fince the excefs of time by 
defcribing A with refiftance AA zz excefs of time 
by defcribing B with refiftance AB. Therefore it 
follows, that excefs of time in A : to excefs of time 
in B : : as A : to B nearly. 

In Prop. 29. 

[Area PIEQ^may be to the hyperbolic area 
PITS : : as BC to Ca \ and that the area lEF may 
be to the area ILT as OQ^ to OS.] 

That this is poffible (afiuming P at plcafurs) 
may be thus ftiewn. Let the areas PIEQ, PITS 
be taken (as BC to C^) indefinitely fmall, then 
PIEQ^muft be greater or at leaft equal to PITS \ 
fuppofe them eqiirj, then will PIFQ^> FiLS, 
and IF r> IL (and more fo, if PIEQ^-^ PITSj, but 
when S, P, Q coincide OS to ()Q is a ratio of e- 
quality, therefore in this cafe 11' ii to ILT (or IF . 
to IL) z^ OQ^to OS (or however not ieir,), increafe 
the areas PIEQ and PITS in the l;\iiiC!;ulo, and 
• ■ the 
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Fig. the ratio of OQ to OS will alfo increafe and con- 
verge at length to the ratio of lEF to ILT ; which 
fhews the pofllbility of what was required -, (but as 
to an actual folution I (hall refer it to an algebraic 
procefs.) This being done as reauired ; then, the 
points O, S,. P, Q^are all fixt, and the point R only 
variable. 

f And the increment, &c.] for, the fluxion of 

IH OR — IGH to the fluxion of — PIGR : : as 
^^^ HG to — RG : : or as HG^ E? to RG. 



OQ OCL 

IFF 

Or rather thus, the. increment of iz± OR — IGH, 

OQ 

is as l^y — HG X - Rr = HG x Rr ~ ^ X 

Rr. And the increment of PIGR is' as RG x — 
Rr; and therefore the decrement (becaufe the de- 
crement is a negative increment^ of PIGR, is as 
RG X Rr. 

In cor. to Pr. 30. 

[Now if the refiftance DK be in the duplicate, 
&c.] for the velocities, being as the ordinates of a 
circle or ellipfis defcribed on aB •, the rcfiftances 
(being as* the fquares of thefe velocities) are as the 
fquares of thefe ordinates, that is,, as the redangles 
of the abfcifla's. Therefore the refiftances DK, 
OV are refpeftively as ^DB, (^OB zz) OB*. But 
this is the property of the parabola aVB defcribed 
to the axis VO, by cor. 2. top. 4. of the parabola. 

Gen. Sch. Pr. 31, pa. 96. 

[But in lejQTer ofcillations fomewhat greater, &c.] 
that is, the difference in the lefler arc to the differ- 
ence in the greater arc, is in a greater ratio than 
the fquares of thefe lefler and greater arcs. 

[pa- 



\ 
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[pa. 97.1 for i the cords of thefe arcs, read the Fig. 
cords of thofe half arcs. 

[ib. p. 98. As X AV + ^BV^ + -^ CV\] 

'II 10 4 

Thefe three members are taken to denote three laws 

of refiftance, viz. the firft in the (imple ratio of the 

velocity J the third in the duplicate ratio thereof, 

and the fecond partly in the fimple partly in the 

duplicate ratio (or in a mean between them) ; 

and 1^ the coefficient thereof is a middle one be« 

tween tV and 4. 

[As 0,041748 to 121] it fhould be as 0,041778 
to 121. 

[pa. 99. It is manifeft that the force, &c.] for 
the forces of refiftance and gravity are as their ef- 
fefl-s, to wit, as the velocity loft (by refiftance) 
and velocity gained (by gravity) in the fame time, 

as I to 3761^- ^ 

[I alfo counted-— I leave the calculation, &c.] 
the calculation after the preceding manner will be 
as follows. 

Mean ofcillations — St 7 14 2B 5$ 112 

dif. between ill def. and lad af. 41 2 4 8 16 

dliF.ofarcsdcfcribedinthede.-J J_ _L 4 .'2 24 48^ 
fcent and fubfeqacnt afcent« J 748 272 325 250 ,125 68 

Alio thefe in the greater arches are nearly in the 

duplicate ratio of the velocities, but in the leflcr 

arches fomewhat greater, (thefe arcs are in the laft 

fcries of the table). 

Let V zz velocity in 2d, 4th, and 6th cafe n 

1,4, 16 refpeftively. And the difference of the arcs 

will be, in the 

2d Cafe iz ^^-^ zz A + B + C 

4th Cafe = ,VV = A-r = 4A + 8R + 16C 

6th Cafe = -J|- zz 44 = 16A + 64B4- i^CC. 

whence A zz ,0005098 ; B zz ,00058 8\i^; 

C zz ,0025784. Therefore the difference of the 

arcs 
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Fig. arcs is as ,0005098V + ,000588 2 V.|.+,oo25784V^ 
And confequently the refiftance of the globe in the 
middle of the arc, will be to its weight (by cor. 
pr. 30O as ,00032442V + ,00041 i74Vi. + 
,ooi9338V% to 121. Therefore the refiftance 
will be to the weight, in cafe 2d, 4th, and 6th, as 

,00267 to 121 ; ,0355324 to 121; ,5265949 to 

121, refpedtively. 

Note, you may take any other numbers (that 

are in the fame proportion with thefe above) 

for V ; for example I took -J:, i , and 4 z= V, 

in the 2d, 4th and 6th cafes, and A will be 

ZZ ,002039 ; B z: ,004706; C ZZ ,041255 ; 

and the refiftance to the weight (at the laift) 
comes out the fame as before. 

In the 6th cafe the point marked in the thread 
defcribed an arc of 1 1 2 — ^t inches zz i i i^ ; there- 
fore the center of the globe defcribes an arc 
= 1^5 v!4 = ^^Si; nearly; and its velocity is 
(nearly^ the fame as in defcending an arc 57' J of 
a cycloid (whole femi-arc is 126,^ or z= velocity 
acquired by falling perpendicularly thro' the verfed 
fine (br ablciflaj of that arc 5y~l~j but this verfed 
fine is ZZ 13,324. Therefore the velocity of the 
pendulum is zz velocity acquired by falling per- 
pendicularly 13,324 inches. And with this velo- 
city, the globe meets vvith a refiftance which is 
to its weight as ,52659 to 121, or (taking that 
part only of the refiftance which is as the fquare of 
the velocity,) as ,49505 to 121, 

Alfo if a globe of water of equal magnitude 
moves with the fame velocity, its refiftance will 
be to its weight as ,49505 to 213,4; or as 1 to 
42i-rV' Whence, in the time in which the globe 
uniformly defcribes 26,648 inches, the weight of 
the globe of water will generate all that velocity in 
the falling globe 5 therefore the velocity cleftroyed 

by 
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hy rcfiftance, will be to that acquired by gravity Fig* 
Cin the fame time), as i to 43ItV> or velocity loft 

-^ of the whole velocity. And therefore 



43^. 
in the time it would uniformly defcribe its femidi* 

anjeter, with the fame velocity, it would lofe th^ 
part of its motion* 



3341.7 

[pa. 101,2, after five ofcillations] this certainly 
ihould be afbsr lo ofcillations, as appears by the 
procefs of the calculations 

[pa. 102. So that the difference 0,4475, &c.] 

for the motion loft is OC the refiftance, and that 

OC the fquare of the velocity and fquare of the 

time nearly, which in this cafe is a conftant produft. 

[pa. 103,1. 6.J Here is a fmall error, viz. ,61675 
inftead of j6i 705 \ whence 45,453 would have been 
45)43 \ and the refiftances as 7,002 to i *, but this 
is not material. 

[pa. 104. bccaufe the reiiftance, &c.J for the re- 
fiftance OG fquare of the time X fquare of the ve** 
Ibcity, which produf); is invariable, bccaufe equal 
arches are always defcribed. 

SECT. VII. 

[Pr. 32. ratio of denfityl he means any givea 
tatio of dcnfity, which are proportional to the par- 
ticles. 

[Pr. 32. Proportional times] any times, in that 
conftant ratio, that is, let them move aniong one 
another, in fimilar directions, with velocities which 
are as the particles. 

[Pr. 32. cor. 2. fpaces proportional to their dia- 
meters] in thefe proportional times. 

[Pr. 33. cor. 2. for if the forces, &c.] for the 
refiftance arifes from the centrifugal forces, and 
from the coUifions, of the particles. The re- 
fiftances of the firft fort are as the motive forces, 

£ that 
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t'ig.that is, as the acceleratiye forces and quantity af 
matter, that is, (by fuppofition) as the fquares of the 
Velocities and quantities of matter, that is, (becaufe 
the quantities of matter are given, the fluid being 
the lame) as the fquares of the velocities. 

The refiftances of the fecond fort are as the 
number of reflexions, and their forces ; that is, 
(as is proved in the Prop.) as the fquares of the ve- 
locities, fquares of the diameters, and denfitieaof the 
parts, that is (becaufe the diameters and denfities are 
given) as the fquares of the velocities,' accurately, 
f As alfo the bodies L and G -,] let E and G be 
vaiily fwifter than D and F. . 

[Pf. 34. but the former of, &c.] for^HxCB = 
(BE* n:) OZ'N, which is thepropertyof the parabola. 
. [Pr. 34. Schol. lefs refifted than the former 
folid;] for, if FG and IH be produced till they 
interfeft, they will form a right angle ; and there- 
fore the fruftiim FGBHI will be lefs refifted than 
if the lines fliould interfeft in an obrufe angle, (as 
is Ihewn in the cone ;) which they would do if the 
lines fell within FG and IH; and for the fame 
^•eafon the refiftance would be greater in the curve 
itfelf, becaufe the lineolae which conftitute it, 
will, when produced^ interfeft one another at ob- 
tufe angles. What is mentioned befides in thisSchol. 
Is demonflrated in the appendix. 

[•Pr. 35* it follows, that the cylinder, &c.] for 
mot. cylinder : mor. medium : : cylinder's magni- 
tude X denfity X velocity : (medium's mag. xdenf. 

X vel. *zi ) cylinder's [^^SfL' x 2 vel. x medium's 

■ 2 

denfity ; : cylinder's denfity : medium's denfity. 

[ib. to the force by which] to the motive force by 
'which its whole motion, &c. 

[Pr« 35' cor* 2. J for, tl;ie refiftance of the globe 
and the force (th^t will quite take away its motion 
In the time it moves two or four thirds of its di- 
ameter,) 
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ftrrieter,) are in a given ratio j therefore increafeFigi 
the velocity of the globe in any ratio, and the force 
(that will utterly deftroy all its motion in a given 
fpacej will be increafed in a ratio of the velocity 
direftly and the time inVerfely, that is, as the fquare 
of the velocity, therefore the refiftance of the globe 
is increafed in the duplicate ratio of the velocity. 

[ib. cbv. 3.] for the fame reafon, increafe the 
diameter of the globe in any ratio, and the motive 
force (that will utterly deftroy its rnotion) will be 
increafed in the triplicate ratio of the diameter di- 
redtiy, and the time inverfely, that is, in the tripli- 
cate ratio of the diameter direftly, and the fimpfe 
ratio of the diameter inverfely, that is, as the fquard 
of the diameter ; and therefore the refiftance of the 
globe will be encrcafed in the duplicate ratio of the 
diameter* 

[Cor. 6. and its refiftance, &c.] Let BC be the 
refiftance at firft, then refiftance at the firfl: : refift- 
ance at the end : : BC* : EF* ; but AE : AB : t 
Be : EF : 2 EF : BH ; therefore BC^ : EF^ : : BC : 
BH. .•* BH is the refiftance at the end* 

[Cor. 7. As the logarithm, &c.] For (by Sthol. 4I1 
Prop. 86, hyperbola,) it appears, that if AHrzt. 
AB = T. BK 1= / : then it will be CBKF :EHKF: : 

(log. T+/ — log. T zz) log. I±£ : log. T+T 



And EHKF : AHED t : (log. T+/ : ,43429448 : :) 

log. 1 + / X 2,30258509 : I. Alfo AHED : 
CBKG : : HE : CB X / : :T: t. Therefore ex equo, 

CBKF • CBKG : : log. lili X 2,30258 X T : / : : 

log. --Z- X 2,30258509 : — • 

• [Pr. 36. cor. 2.] Forces arc equal when their ef'^ 
fefis are equal in a given ti've ; but the elfeft of 
the motion of the effluent water (in the time a bo- 

E 2 ^yf 
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Fig. dy dcfccnds thro' GI) z= a cylinder, whofe length 
is 2GT, and bafe the hole £F ; alfo the effed ot 
the gravity or weight cf a column whofe height is 
GI, and bafe the hole £F zz (by reafon of an ac« 
celerated motion, and in the fame time) a cylin- 
der whofe length is GI, and bafe the hole £F; 
and therefore the efied of the prellure of twice 
that column (in the fame time) r: a cylinder, 
whofe length is 2GI, and bafe the hole £F $ =z the 
firft cylinder, ergOf &c. 

[Cor. 3. or IH + 10 to 2IH.] iotibihoiiio: 
eg % or b§: og :: ib: to. And b$ + og: 2bo : : ib 
+ io : lib : : to + ig :2io : : EF + OAB : 2 ©EF, 

[ib, cor. io.] This cor. ought to be more cx- 
a6tly computed and demonftrated, becaufe the fol« 
lowing propofitions depend thereon. 

[Pr. 37. pa. 137. And is therefore nearly equal, 
&C.J This rcfiftance = weight of a cylinder 
(whofe bafe is that little circle and altitude ^IG, 
from which altitude the cylinder muft fall, &c.) = 
force by which its motion may be generated, &c 

[Pr. 37. cor. I.] LetF =: force (mentioned io 
the prop.) M = medium*s denfity. C = cylinder*! 
denfity. V n velocity. D =: diameter. T=timc 
(of defcribing four times its length). R = Refift^ 

V IMF • 

ance. Then R = F ~: (by the prop.) « C X 

JL X D* X -^ oc V* jy M. 

T C , 

[Cori 2.] Let EF be given, and denfity of the 

medium be alf6 given. Then becaufe this refitt- 

ance =r weight of a cyli;idcr fwhofe bafe is PQ, 

EF* 
and height ^IG) x ^rpr^ p-j-™ therefore weight 

qi this cylinder rr refiftance x •, -'^ . But 

EF* 

the force requifite to take away the motion of this 

cylinder. 
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cylincler, whilft it moves four times its diameter Fig. 
00 weight of this cylinder x velocity x 

,, , , — L-: __ J. OC refiftance 

time of defcnbing 4 umes its length 

EP— ;4PQ* ^ EF* — PQ* EF* — PQ* 



EF* EF* EF* 

And the denfity of the cylinder being increafed, the 
force is increafcd in the fame ratio. 

[Cor. 3.J for fince reC : force ; ; EF ^ x denfity 

medium : EF* — jPQ^ X EF' —PQ *' x denfity 

cylinder : : med. denfity : EF'-4PQVEF--PQ>^ 

X cjl. denfity ; incrcafc the diftance it moves, in 
any ratio -, and the force (to deftroy the motion) 
wil l be decreafe d in that ratio, as fuppofe the ratia 

EF* 
med. denfity : cylin. denfily. 

f Sch* pr. gj. AE and BE be ^ parabolic arcs] 4^^ 
fince the refiftance is the fame, whether the fluid 
or the cylinder move, therefore the cafe of the 
refiftance of the circle in fig^ 4. is the fame cafe with 
the refiftance of the circle A B in fig. 6, confidering 
the velocities HG and EG, wherewith they are aftcd 
on; but (by cor. 9, pr. 36.) the refiftance on P(^ 
= ^ cylinder on PQ and height GH (thro' which 
a falling body acquires the velocity, which the fluid 
has on PQ), but 4- this cylinder is z= a parabolic 
fpindle on PC^and height GH, nearly. There- 
fore the refiftance on AB z= ^ cylinder on AB and 
height GE (=: GH,) thro* which a falling body 
acquires the velocity with which the cylinder 
moves,) which is equal to a parabolic fpindle on . 
AB and height GE = AEBby conftruftion, (fince 
lat. red : (HG = ) GE : : GE. : AG.) This is the 
very conftruAion of fig. 2. 

E 3 [i»>- 



yo ACOMMENToN 

Fij- [ib. muft be to this force as 2 to 3, at leaft,] for 
the weight upon the little circle (^in cor. 7. p. 36.) 
is there Ihewn to be equal to a cylinder of ^ the 
height GH at leaft. But the weight of a cylinder 
on that circle and ^ that height is the force where- 
by the cyl nder's motion may be generated in the 
time it moves 4 tin:es its length or 2GH ; there- 
fore the refiPiance in that cor. is to the weight here 
demon(lnitcd Ueteris paribiis) that is, to the force : : 
as 4 to 4- : ; that is as 2 to 3, at Icalt ; and inqreafmg 
the denfity, the force is increafed in the fame ratio. 

[ib. let CF and DF.] It is neceflfary to allow as 
much time for the meeting of the particles of wa- 
ter; (at the axi^ of the folid from the fide thereof), 
j^fter they are pad the folid, as for their reparation 
before they come to it. Now fupp9fe this to be the 
cafe of fig. 4. h\ the time that a particle paffes 
from H 10 i\ the f^.me particle with the velocity 
in P, will in the fame time defcribe .2HG5 and 
therefore mufl pafa twice as far to arrive to the 
; axis n^^ain. Whence in fig. 6, the particle F muft 
be twio: u3 far from CD, as E from AB \ but the 
heiglit of FCD zz 2 height of AEB, by conftruc- 
tion. For let z^ y zz 2 ordinates to :v =1 4^AB 5 
and zz zz 4rx zz ^'jy ; and z zz 2j. 

fCor. I. Pr. 30. J the demonftration is the feme 
with- that of cor. 1. pn 37. 

[Con 2, Pr. ^8.] Let dcnfity of globe : denf of 
fluid : : d : x. ' Then d X -j- diameter of the globe 
zz fpace fallen/ and i X 4 diam. j^lobe r: ipace it 
dcTcrii.L's afterwards, in the time ot its fall. Then, 
btc.iule forces (which generate a given motion), are 
reciprocally as the (times, that is reciprocally as the) 
{paces V. h'.ch any body dcicribes with the fame uni- 
form velocity. Therefore, the force of the globe's 
comparative weight, (^which generates its motion^ 
in the time it defcribts d x ^ diam.) : force that 
generates the fam.e motion, (while 'it defcribes 

■3- diam-) 
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^ diam.) : :: 4- diam. : ^ X t diam.,: :' i : d : : den- Fig* 
fity of the fluid : denfity of the globe. There- 
fore, &c. • 

[Cbr.- 3. Pr. 38.] The velocity being given, the 
motion M is alfo' given ^, but (by this Prop.) refift- 
ance X ^:^ force, which will generate the motion 
M (in the time of moving 4 diameterj ; but this 
force muft be- r: refiftance, which will quite take 
away the faid motion M (in- the fame time of mov- 
ing -I- diameter). Now augment the time of mov- 
' ing (preferVing the velocity) in any ratio, (let it 
-zz T.) And this laft refiftance (which will quite 
take away the faid motion M, in the time T) will 
be decreafed in the fame ratio (=: R). Therefore 
T and R are alfo given. Therefore by cor. 7, &c. 

[Cor. 4. Prop. 3 8. J for let M zz ^ diameter in 

the time T ; and becaufe (by fup.) — — =z tM, 
• - T-|-/ 

therefore T =:•/. Now (by cor. 7. pr. 35.) it will 
be(l:;:) I :(log.-i' X 2, 3, &c, =: log. 2x2, 

3, &c. =:) ^6^3 : : 4 diameter : 5^545 diameters, 

which is lefs than two diameters. Now that M 
ought to be n -'- diameter in the time T is plain j 
jfor it is required (by cor. 7. pr. 35.) that the re- 
fiftance R quite takes away M in the time T. But 
{by this prop. 38.) the relittance (z^ force required) 
will juft take av;ay the motion M in moving |. dia- 
meter. But if T be any other time than that of 
moving -t diameter, then the force to def|:roy IVf 
in that time will not be zz refiftance, but greater 
or lefler than it. 

(Prop. 40. let the gfobe, &c.] This is calculated 
in Prob. XIV. of my book of Fluxions. In cor. 2. 
Qf that Prob. G, H and N are found, and thence 

E 4 the 



'72 ACOMMENTow 

** ^8* the velocity = iL — L H, where H is the greateft 

velocity the globe can acquire^ in falling in the 
fluid i and the height fallen comes out the fame 
in vMue with his, but in other fymbols 9 but the 
one may be eafily reduced to the other. 

[ib. the nurhbers in the fourth column, &c.] 2F is 
the fpace defcribed in the time G with the greateft 
velocity H, (by the Prob.) therefore, G : aF : : 

2P 

P : -~ F ;z: the fpace defcribed in the time P with 

G 

the greateft velocity, the numbers in the fourth co- 
- lumn. 

[Sch. Pr. 40. and any other globe, &c.] that is, 
the magnitude of any body OC the excels of its 
weight m vacuo above that in water. Or 132,8 : 
I : : this faid excels : magnitude of the globe. 
Hence, Diameter globe (in Exp. i.) =0,84224. 

[ib. Exp, I. but this fpace, by reafon, &c.J to 
demonftrate this, it is neceffary to premife, that> 
the greateft velocity wherewith a globe can defcend 
by its comparative weight thro* a fluid in a canal, 
is that which it may acquire by falling with the fame 
* weight, without refiftance, and in its fall defcribing 
a fpace which is to 4- diameter as mn^d^ to Ik Put- 
ing denfity globe : denfity fluid : : d : i. and / ~ 
oriflce of the veflll, N ::^^ — great circle of the 
globe, m zzl — \: great circle. For (as in cor. 2. 
Pr. 38.) the fpace it afterwards defcribes (in the 

fame time of its fall) zz — — x t diameter ; then 

the force of the globe's comparative weight (which 
generates its motion, in the time it defcribes 

__ X T diameter) : force (that generates the fame 

fi ' ^ ■ 

motion in the time it defcribes ^ diameter) : : 

(|dia- 
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(Idiameter : 22!£ x | diameter ::)/»: mtfi j therc-^*& 

fore (by Prop. 39.) the refiftance of the globe = 
force of the globe's comparative weight (which ge- 

nerates this motion in the time it defcribes — -* 

X T diameter, or falls 2^ x ^diam.) And there- 
fore this force cannot accelerate the globe. ^. E. D. 
Now, 

By the experiment \ iF = rf X t diameter ; but 
the fpace the globe uniformly defcribes f with fhe 
greatefl; velocity wherewith it can defcend in the 
canal or veflcl, and in the time of acquiring it with 

Its compound weight) = Z—L x ~ diameter = 
^X2F=__ X 4.425 »• Alfo v/95,219 : 

X G =^ ^ X 0,15244 (by the laws of falling 
bodies) = time of acquiring the greateft velocity. 
And therefore (J^ X G C=time) : ^ X 2F 

(=fpacc;:0G:y^X2F::4":jyyX 
^ c= (fpace defcribcd in 4") = j Vj X u5. 

1245. Subdua ^ X f.3862944F = f?l X 

Zfi67€. And»yj'x.i6.i245-yy^X 
3,0676 = fpace fallen in the fluid, = 116,1245 
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^^g- — 3,0676 X ^ V ^ » nearly, as the author makes 

I ^ I 

it. . ^ 

[ib. ex. 13.] This and the following are upon the 

fame computation as the foregoing experiments in 

water, to wit, the theory of non-claftic fluids ; the 

reafon is, becaufe he confiders fluids as elaftic, 

whofe parts are difcontinued, &c. fee Sch. Pr. ^5. 

[ib. pa. 160. equal to^-^, &c.] This is plain 

4586 

from what follows, afterwards. For let a fpace : 

goo 

4D : : 860 : i ; this fpace i^ D = 2293D, 

and this fpace the globe moves in the time T, with 
velocity V j let therefore T zz 2293, and / z= 4. 

Then, motion loft z: — * zz V ; note 

2293 +t 4587 
/ ( zi t) is not fenlibly increafed, by the refiftance, 

in moving thro* tD 5 and hence I have taken it 
for the fame. 

[ib. let D be the, &c.] for, put denfity globe : 

O J 

denfity fluid : : rf : i ; alfo let the fpace —DirS. 

3 
Now by Prop. 38, ^/x refiftance zz force, which (uni- 
formly continued) will quite deftroy its motion, in the 
time it moves -|-D ; therefore dx refift.'will quite take 
away its motion, whilft it moves 4D.' But (becaufe the 
force of that refiftance and the time of its afting are 
reciprocally proportional), the refiftance the globe 
inccts with will quite take away its motion whilft 

it moves (with V) — D =: S. Therefore (by cor. 7. 

Pi*- 35) tiie globe in the time T (of moving S^, 
jneets with a refiftance R, which will quite deftroy 
its morion V •, therefore in the time /, it will lofc 

■; V, &c. 

SECT. 
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Fig. 
SECT Vm. 44- 

[Pr. 42. and becaufe the motion of the 
waves, &c.] Let the waves A, B, C move from ^ 
A towards C, and fuppofe the water to defcend 
from the vertex C into the hoUoV E, and thence 
up to B, which it vnil do fuppoling the vertices 
A, B, C to be of equal altitude ; alfo let the wa- 
ter defcend from B to D and afcend to A, &c. 
Now fincc the water in the vertex B defcends to- 
wards D, at the fame time that other water (that 
had defcended from'C to E,) is afcending to B5 
therefore the water will be lower at the point B 
and higher at the point b than before ; and con- 
fequentljr that the vertex of the wave B will be 
transferred towards C. Therefore the vertices 
('and hollows and any ccrrefpondent points) of 
all the waves will move from thence towards C j 
therefore the waves will be carried on by the de- 
flux of water down CE, BD ; and the accumulation 
thereof, on EB, DA. 

[Pr. 4^. cafe i. at nearly equal diftances, &c.J 
they fet forward at equal didances, and continue 
fo, becaufe they move with equal velocity, as ap- 
pears by (the demonft. of cafe i, 2, 3 of) Prop. 48. 45. 

[Pr. 46. becaufe the motion of the waves is car- 
ried on, &c.] Let A be the vertex of a wave. 
The fluid at i is more prefli^d (by reafon of a 
greater depth of incumbent water) than d ; there- 
fore that greater preffure caules the water to recede 
from ^ in all direftiohs, and to afcend at rj 
therefore the vertex of' the wave is now in cJ 
Alio a grentcr preiFure of water propagated from 
d to /^ caules the water to defcend at c and afcend 
at t7j therefore - the vertex of the wave moves 
a!'):!:}; j, r, i^ &c. And this it will always continue 
to do, if at firft any force is fuppofed to be applied 

to 
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Fig. to the fide gba^ to hinder the afcent of the water 
there in like manner as it afcends at r, r; for 
then the fide gba will be afterwards always def- 
cending, and the fide ace afcending, without the 
continuance of fuch force. 

[ib. tranfverfe meafure] is meafuring along the 
fiiitace of the water ; as is plain from the demon- 
fixation. 

46. [ib. cor. 2. rather performed in a circle] as in 
the note on Prop. 42. But if the breadth of the 
waves be meafured, not in the right lines acb^ but 
along the furface of the water (l^caufe the deflux 
of water thro* ^, <» a is made in a curve line near 
a circle), then the time mentioned in the prop, 
will be very nearly as it is there afligned. 

47. [Prop. 47,] fig. I. pi. 9* is wrong, it fliould be 
thus I (and the original is wrong too,) where /, m^ n^ 
ftand at N, M, L. 

ib.T-with thofe of an ofcillating pendulum.*] 
ib. according to the law of a pendulum ofcill. J 
for, by Prop. 52. lib. i. fpace defcribed by a pen- 
dulum, in the time PI *, is to a whole vibration ; 
as the time PI, to the time PIS; and to two vi- 
brations, « PK to PHSP, and the accelerating 
force of a pendulum, is as its diitance from the 
lowelt point. See cor. Pr. 51. 

{ib. that is, (becaufe HL — KN is, &c.] that is, 
HL-.KN:HK::OM:OI. 

[Pr. 48. cafe i. diftances of the pulfes, &c.] 
the diftances of the pulfes in one mjedium be 
— diftances of pulfes in the other. 

[ib. and therefore the pulfes ; ] hence it appears 
that the correfpondent parts in both mediums, 
(vibrate pr) go and return together, or in equal 
times, the* one makes longer vibrations than the 
other. But (by fuppofition) the diftances of pulfea 
in both mediums are equaU and the pulfes in 

both 
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both are tranflatcd thro'theie cciual diftances in thcFig. 
times of the parts of the medium's (vibrating or) 

Sing and returning, which times are proved equal •, 
srefore the pulies in both mediums move equal 
diftances in equal times, and therefore are equally 
fwift. 

[Pr. 48. cafe 2. then will their contraftions, &c.] 
be equal, in equal Q)aces. 

fib, and moreover, &c.3 for fpace OC 
fquare of the time ^^^^ ^^^^ ^ ^ generated 

matter 

by accele rative forces), and time OC \/li>ace x 
\/mattcr 00 \/fpace x fpace OO fpace. 

[ib» Cafe 3. the time which is neceflary, &c.] fo^ 
fpace OC P ^'^^ X force ^ a time x force , 
^^ matter dcnfity 

Therefore if the fpace be givcrt, time oc V^!£2^; 

fo rce 

Therefore velocity oC T^ 00 jSK.. 

^ ^ time V denfity 

[Prop. 49. — rati o of P Q to A conjundtly j] 

that is, time V matter ^ -^ia=r, ^hca the 

force \/force 
quantity of matter is given, (this in accelerated 
motions). Then time of one vibration by that e- 
laftic force : time of one vibra tion of a pend ulum 

PO, by the weight : : v^VV : y/PO X A, and 
time of one vibration of PO, by the weight : tim« 

of one vibration of A : : v^PO : v/A. ThereforCf 
&c. 

[ib. —of the going and returning] of the pen- 
dulum PO. 

[ib. —of one ofcillation comppfed of the going 
and returning,] of the pendulum A. 

[ib. 
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Fig. [ib. cor.- !•— to its circumference.] For (Me- 
chanics, Prop. 24.J diameter : circumference : : 
time of fall thro* 4- radius : time of one vibration. 
Therefore as radius : circumference : : time of fall 
thro' i radius : time of two vibrations. 

[ib. cor. 2.] for velocity OC fc^. OC ~ OG 
.^ time v^A 

%/A OC ^ ^J2I5L. By elaftic force h€ means, 

dehfity 

that which arifes by heat, as" well as that arifing 

from the compreffion. 

[Prop. 50; Let the number] of the double vi- 
brations, &c. 

[ib. Schol. in the fubduplicate ratio of the defeft 
of the matter] that is, of the quantity of yapour 
or watery particles. And (by Prop, a -^ ^r 2.) 

the velocity w ill be increafed as (the ^ fity 

that is, as) the ^/quantity of true air in a given Ipace, 
is decreafed. 

- [ib. near 100 pulfes in] This computation pre- 
fuppofes, that thofe vibrations of the ftring are dou- 
ble vibrations, or vibrations compofcd of its going 
and return. 

SECT. IX. 

[Prop. 51, but the differences of the angular 
motions, &c.] thefe are as the difference of the ab- 
folute motions round the axis, that is, as the dif- 
ference of the abfolute tranflatipns, or as the re- 
lative tranflations Cwhich are thofe here fpoken of) 
direftly, and the diftanccs invcrfely. 

[ib. of quadratures of curves, &c.] Let SD zz xt 

Dd =yy then Dd OC JL f = L) by con- 

XX \ . xt ^ 

h 

ftruftion 5 therefore j' zz — ; andj^v zzlx *;c'; and 

XX 

in 
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JL^ = IZ— ~ area •, therefore area OO i zzDdO. 

[ib. cor, 3.] In a given time let the parts i, 2, 3, o 
of the fluid defcribe the fpaces ir, 2J, 3/; take 
away or add the equal angular motions i», 2(7, 3/) j 
fo that the fpaces »r, ^j, ^/ be defcribed in that 
given time; now whether the points i, 2, defcribe 
the fpaces ir, 2J, or «r, ^^ 5 the tranflations at the 
end of the given time will be = j/; alfo if 2, 3 
defcribe 2j, 3/, or . os^ />/, the tranflations at the 
icnd of the given time will be the fame in ei- 
ther cafe, viz. =: 1^/; therefore the tranflations 
being equal and the Attrition alfo, the motions 
will be continued. 

£Pr. 52, cor. 8. about any given axis] pafling 
thro* the globe ; the relative motion of the part3 
of the globe and fluid are the fame ft:ill, there- 
fore, &c. 

[ib. cor. 9. femidiameter of the globe ;] let BC 49, 
be a plane, D a point of the veflTel, A a point of 
the globe ; then period, time of A : time B ::< ve- 
locity B : <; velocity A ; and therefore time A 
+ time B : time A : : fvel. B + vel. A =: ) < 
vel. A from B : <; veL B : : time B : time A from 
the plane BC f to BC again; : : CB* : CA\ But 
time B from DC = time D from BC ; therefore, 
time D (from BC) : time A (from BCj : : CB* : 
CA* ; as it fliould Be by the prop, and cor. 8. 
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[TJROP. 3. tho z&ioti of the fun, attradling. Sec] 
J; fee cor. 7. Pr. 66. lib. i, or con 14, where 
KL is OC PT. nearly;, (SK, or ST being given) * 
and the force TM in its mean quantity, is = 
PT, nearly. 

[Prop. 4. and the fpace which a heavy body 
dcfcribes] by falling in i" : half the length of the 
pendulum (rr f radius) : 2 fquare of i" : fquarc of 
the time of falling thro* half the pendulum : : 
(Mechanics, Prop. 24*) fquare of the circumference : 
fquare of the diameter. 

[ib. pa. 2 1 6. line ijt the mean diftance of 60 
diameters] it fhould be 60 femidiameters, as it is 
in the original. 

[Prop. 6. p. 222. — fubduplicate of that propor- 
tion, as by fome computations I have found,] /. e. 
as I found by making fome calculation. 

For let R be the diftanc? of the Sun and Ju- 
piter, d the greater force, e the lefler; then to find 
the diftance x where d may be diminifhed to e. 
Becaufe the forces are reciprocally as the fquarea 

of the diftanccs, fay ; —: : d : e : : x^ :R\ 

_^ RV ^* 

And X : R : : \/d \ \/e\ therefore at the diftance 
y, the weight d (of the fatellitej would become 
equal to e ; and the center of their orbits, would 
not be in Jupiter, contrary to experience. And 
if the force of the fatellite was lefi ; by a like 
computation, the center of their orbits would be 
nearer than Jupiter, alfo contrary to experience. 

(Prop^ 
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[Prop. 8. con i. and -— rcfpeftivcly] tliis*'^^* 

169282 

I I 

Ihould be — , or rather 
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[ib. at the diftances loooo, &c.J thefe are as the 
diameters ; and the apparent diameters are found 
by aftronomical obfcrvation ; which X by the pro- 
portioned diftancesy gives the r^tio of the real dia- 
meters. 

[Pr. 8. cor. 4. — of ib much the greater den- 
lity.J This is not generally true, as appears by 
cor. 2 and 3. 

[ib. cor. 3. — truely defined.] This is demon- 
ftrated in Gravefand, L. IV. p. 232, 3. Sec Ap- 
pendix, p. 20. 

[Pr. 10. lofe almofl. a tenth part of its motion.] 
For by Schol. Pr. 40, p. 160, it is, 1 : Sbo : : 4 • 
2293.33 + == fpace defcribed in the time T 5 put- 
ting D n: I, V = I ; and T : / : 2 2293.33 : 

2293.33 — ; =: fpace (uniformly) defcribed in the 

time /. Then (pa. 161.) _ : 2,302, &c. X Log. 

T+ / / 

— Y* • • ^^93*32 ;jr* 229.55 therefore 2293.33 

X 2.30258 X Log. —ZL =z 229.5; and log.— X. 

T -I- / 

= ,043461 ; and therefore — -3— = 1. 10515 and 

T _ I _ 9 4. .n^ ' - X 



•f- and 



T + s 1.105 10 T+^ 10 

nearly. 

[ib, or as 75 (o") to i nearly.] In fig. 3. pi. /:• 
X.. II. Let SA rz rad. earth zz 20949674 fert. 
AB = I. AF =: 200 miles =z 1056000 feet 5 then, 
by cor. pr. 22. II. A^ — B^ : A^ — f / : : ^^i^ : 
^imz ; that is, AB x SF : AF x SB : ; or i : 1003325 

F 



• 9 
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Fig. : : thin : tbnz : : (by fch. pr, 86 hyperbola) log. 
AH -^ log, BI : log. AH — log. FN; becaufc 
water is 86o times denfer tha\i air, and the incum- 
bent weight of the atmofphere at the furface of the 
earth is about =: weight of 33 feet of water ; 
therefore the weights (and confequcntly the den- 
fities) in A and B, are as 28380 and 28379 ; whence 
AH or S/ = 28380, andBI or Sn = 28379 ; and 
log. AH — log. BI z: ,0000152, log. AH zn 
4.4530124 ; therefore i : 1005325 : : ,0000152 : 
4,4530124 — log. FN'; and log. FN^z: — 11,1730. 
And therefore FN zi ,000000000015, and denfity 
in F : denfity in A : : 15 : 28380000U00000000 : ; 
pr as I : to 1 80CO00000000000, which is lefs than 

1 to 75000000000000 ; but the computation will 
, vary as the radius of the earth, the denfity of wa- 
.ter and air at the earth, is fuppofed to vary. 

;ib. and hence the, &c.] as before (by Pr. 40. 
. Sch.) fince denfity of water : to denfity of air 200 

miles from the earth : : 645 (o^*) : i. Space dc^- 

fcribed in time T iz i72'(o»5). And _ : log. 

ZJl: X 2.302, &c. : : 172 (o»5) X — ( = Ipacc 

•defcribed in time /) : 2792250000 z= fpace Jupiter 
defcribes in 1 000000 years. Therefore log. /^^ 

T-4-/ 

zi ,00000000705. And _j1 2z 1.000000017, 

And zz ,999999986. And = 

,000000014, which is lefs than I • 

I 000000 

[Pr. 13. are almoft as 16, &c ] for (by this and 

cor. 2. Pr. ^.) accelerative force of Jupiter towards 

Saturn : 
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Saturn : accelerative force of Jupiter towards the Fig* 

S u n : : 2 5 X J- : 1 6 X I : : 8 1 : ^<^x8iX302i 

3021 25 

[Pr. 14. Sch, And hence we may find, &c.] For , 
by cor. 7. prop. 66. I. The apfides of their orbits 
move in confequentia. And by cor. 16, of the 
fame, the motion of the apfides of the body P 
Cplate 21. fig. 2.) will be as the periodical time of • 
P direftly, and the fquare of the periodical time 
of T inverfely, that is, as the periodical time of 
P (becaufe the periodic time of T, round S, or of 
the Sun round Jupiter or Saturn, or (which is the 
fame thing) of Jupiter or Saturn round the Sun, is 
given); that is (by prop. 15. I.) in the fefquipli- 
cate ratio of their diftances PT. 

[Pr. 19. in the duplicate proportion of the rad. 50. 
to the cofine of lart.] For (by cor. 3. pr. 4. L. I.j 
centrifugal force at the equator : centrifugal force 
at>j from the axis {zn ab) : : rad. : cof. lat. : : r : r. 
Alfo the force diredllyfrom the axis : force dire£tly 
from the earth : : ab : be::r : c. Thei efqre, ex 
equo^ centrifugal force at the equator : centrifugal 
force direftly from the earth, at ^ :: rr : cc. 

[ib. but by computation (from] Let GC zz tzz 5I# 
101, BP =: C = 100. PE — X. Then will ED^zz 

ff-X^^r=^^ AndER^i=PD^=:'ff^ — ^La;* 
re c cc 

+ x\ AndERzz /{L ;c + ^£Zl£: ^-^ =: (fup. 

v t* cc 

pofe to) \/rx — sx"". Whence the fluxion of the 
«Avt» X v<iv^ .0 — . - ^^ -^ X -zz rx^x — — X 

^^LLJ-x — ^x — ~iL£ X — &c. And 

2.4r5 2.4.br^ 2.4.0. ^r" 

the area PQRE =: } rx] — 1^ — iZi i^ 

5r 7.4r> 9.4.6rf 

F 2 — 
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o ^ ^ ■ — ^ &c. zi: |r^i — ^ — A + -2 — 

ii.4.6,8ry 2.5r* y.^r'' 

B + 2±flC +^5:flD + &c. = (putting il 

=z y) ^ r;^i — A A? + ^ B^ + ^V Cy + f|-D? 
•I- &c. n (when ^ rz ^ == loo ; and s being 13 

.: zz 5O201, And r' 1= — zz i02)0i. zz) to 

cc c 

<j693,39. And PBM = 5000. Whence PQRM 

= 1693.39. Therefore by cor. 2. pr. 91. 1, force 

of the fpheroid : force of the fphere : : (when P 

and A coincide) AS — „ ' ' — : : i— 

CS* 3 

PQRM. .. 4x1693.39 . . .. ,008. ... 

CS^ 1 020 1 

126 : 125. 

[ib. p. 243. if the denfity, &c.] this will appear 
by confidering what went before, and cor. 3. pr. 
91. I. 

[ib. but if the diurnal, &c.] for the (centripetal 
or) centrifugal force, is as the fquarc of the velo« 
city when the rad. is given* 

[ib. 244. -— augmented in proportion as the force 
of gravity is diminifhed.] for, reviewing the former 
calculation ; if the denfity of the earth were greater 
than it is \ the force of gravity, to the centrifugal 
force, would be greater than in that proportion of 
289 to I ; (and the two diameters would be in a 
lefs proportion than 289 to 288 j and alfo ;he dia- 
meters would be in a lefs proportion than 230 to 
229;) confequently the ratio of the diifcrence of 
the diameters to either, decreafes as the gravity in- 
CTeafes. And on the contrary, that ratio increafes 
as the gravity decreafes. And upon this depends 

the foregoing proportion; as -1- : — : : -i- : 

. 505 100 289 

I ' ■ \ 

229 * j[ib. 
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[ib. line M.] read 19 x :i^ X — to 1. In^^S- 

5 94i, 229 

the Original, 2d edit, it is i2 x -^ X -^ to i, 

5 ' 2^9 

or as I to 8. 

[Prop. 20. Whence arifes this Theorem] for let 52. 
niyn be a circle circumfcribed round the dlipHs 
nbyl Then kbm \fbc{zz) abd : : */* ifg". And 

tf ^ 3: ---^ — ^. But becaufe ^Z^iw add kt are given, 

ifc/*X^^ ... 

and 3i zz (nearly to) 2*/ which is given. There* 

fore ab OC /^* ; but the difference between the 
weight at n and a^ is as {at — bt zz.) ab. There- 
fore the increafe of weight is ^sfg'-y or the fquare 
of the fine of lat, at a^ nearly, or (by trigonome- 
try^ as the verf. of 2 an. 

[ib. and the arcs of the degrees, &c.] The 
length of a degree is OC rad. of curvature, and 
in the points n and b, are (by ex. i. pr- 19. Se6t, 
IL Curve lines j as the parameters of ny and bly 
that is, as il^ to ny^j or 229' to 230% that is, as 
56637 to 57382, as is inferted in the Table, 
page 247. 

But to find the rad. curvature at b -, we have (by 
Ex, 2. Prob. 5. Seft, II. Fluxions) mH zziy ^ 

ItJif'ZL.y^ ; and therefore (putting s for the fine 

abb 
of the a ngle n tb) -, rad. curvature mC at b tz. 

^ + ^^f~ y^ z: r becaufe ^ is a given ratio,) 
S abbs s 

R + 4Xf;— £rj,^^ very near, R being the radius 

abb 
of curvature in »• And therefore the increafe of 
this radius, which is as the increafe of the degrees,, 
is asj.;yor ss nearly. And here a—b being very 

mall, 121^-— R, is an extremely fmall quantity. . 
abi _ 

F 3 iPr. 
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Fig. [Pr* 23. -^ which I cannot here defcend to ex- 
plain.] Since the moon*s orbit is more excentric 
than thofe of Jupiter's fatcUites, the motion of the 
moon's apogee will be greater in proportion,, than 
the motion of the apogee in any fatellite. 
53- [P^* ^7' The area, &c.] For the rfioment of 
the area is OC cb x ad. But ad OC angle bed X 
^b zz horary motion x ck Therefore, area ex r^* 
X horary motion. 

[Pr. 28. But the attradion of the moon;] for 
let A zz attraftion" of P towards T. Let the at- 
" traftion pr force LS be refolved into the two, LM, 
SM i the firft ading towards M the latter towards 
S. Then the whole attraftion of P towards T is 
A'_. ST + LM ^ TM. Let A — ST iz F. 
Then the attraftion of P towards T in the fyziges 
is F-.-2AT i and in the quadratures F+CT. By 
prop. 25; F : ML : : 178725 : 1000. And the 
forces 2 AT, and CT^ will be to each other as 

2000 AT, and 1000 CT^ that i?, as ^^^^ , and 

CTxN 

2222^: And the force F in the fyziges and qua- 

dratures will be as 178725-direaiy, and thefquare 
of the diftance from T reciprocally. Therefore, 

&c. (Note, +^J22, is falfe printed for— ^222., 
^ CTxN ^ CTxN 

in line 10, pa. 268.) 

fib, — Quadrature in C ; or, which — ] for 
CTP : CTp : : angular motion of the moon from 
the fun*s quadrature : to jts angular -motion from 
the fixt point C, that is (becaufe the given circum- 
ference, or one revoludon, is to be defcribed in ei- 
ther cafe) :: periodic revolution : fynodic revolu- 
tion. 

[ib. But by computation I find,] with the radii 
^ TA, TC, dcfcribe the circles Ak, C/V. Apd let 

AZ 
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AZ Cz, touch the ellipfis in A and C. And take AIFig. 
to kc, and Ci to C^, as < CTP to CTp (fig, 5. 54- 
pi. 10.) Now in order to determine the curvature 
of the orbit, fuppofe the point a to coincide wiUr 
A, and draw the paVts of the orbit ARO, Cro^ 
which will pafs- between the ellipfis and circle ; for 
TO or TE is lefs than TL, and greater than (TA 
or) T^. And To ('that is T^) is lefs than TC or 
Tr, and greater than T/. Draw the lines TB, T*, 
fo that AB = C^. . And let the points A, 1, C, 
and alfo C, /, c cpihcide ; and the curvatures of the 
elliplis, orbit, and circles at the points A, C, will 
be refpedively as BE, BR, BI, and be^ hr^ hi. 
And the diflference of curvatures of the ellipfis and 
circles, and of the ori)it and circles in A, C, will 
be as EI, RI, and «, r/, refpeftively. But RI : 
EI or OC (becaufe TE = TO, andTI zi Tc : :) 
AP : A^:* (Lem. 11. 1.) : : CT P* : CTp\ Whence 

RI = EI X 2H! = Bl — BEx^Ip. Alfo, ri : 

ot or «, or be — bi : : C/* : Cc* : : CTP* : CT^*. 

— ^ CTP* 

Whence ri =: be-^ii X . . But in the TA ; 

CTp* 

BI,. Al or AB, and 2AT are-^. And in the 
O TC 5 bi^ C/ or C*, 2CT are ^; whence BI = 

:^ ; and li = J^. Alfo in the ellipfis, BEx 
2 AT 2CT ^ ' . ^ 

2AT ! BA* : : AT* : TC*, And ^^x 2CT : bO : : 

CT* : AT% Whence BE z= ^^X^^, And be 

2CT* 

AC*vCT 

zz — -- — . Now from hence, the curvature of 
2AT* 

the orbit at a : .curvature of the orbit at C ; : BR 



AB 



X 



•r BI — IR : ir or l>i + ir : : 1^ Bl — BE 

F 4 K 
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CTp* 2CT* CTp* 2 AT 

CTP* *^ *" 2CT* CTP» 

AB* ^ CT?» _ AB* BA*,x AT . C^* 



a AT CTP 2 AT 2TC* 2CT 
CT^ ^e X CT^ O* , , CT«)» 



CrP»- 2 AT* 2CT ATxCTP* 
I AT . CTj)' CT _ j_ . 

AT TC» * CTP» X CT* AT* CT ' 
CT**— CTP* . AT . CT/>*— CTP* , CT 



ATxClP» TC* CTxCTP* AT* 

:: AT^ + ^I^^Z^IZ! x ATxCT*:CT^ + 

55- [Pr. 29. The tangent of the angle CTP, Sec] 
On the axis DC deicribe the circle C^D, and let 
the line T^ revolve uniformly to ^, in the fame 
time that TP revolves to A, and defcribes areas 
proportional to the times in the cllipfis CAD. Draw 
be I to dTy and draw 1'^, TP. Since the circle 
and ellipfis are^ defcribed in equal timfcs, parts pro- 
portional to the whole will be defcribed in any 
equal times \ now area ellipfis : area- qircle : : TA : 
rd { zz TC; ::eP:ei:: (^PC +>Pt =z) TPC : 
(eiC + ebT zz) TKll. Therefore the point in the 
circle is at ^, wheri the point in the ellipfis is at P. 
But TA : (T^ =: ) TC : : ^P : ^^ : : tangent < 
^TP : tangent <Z eTh (zz <lo{ the mean rpotion.) 
[ib. Square of the fine of the angle CTP.] Thefe 
things are plain from prop. 26, where Pd (fig. 4.) 

PK* 

is the excefs of the moment, and is as — ^. 

PT 

56. [ib, which we may efie6t, &c.] Let A be the 
area defcribed by the moon in any time, arch 

CP 
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CP = z, r = radius TC. PK —y^ TK = «,Fig. 

/ = tan. PTC. Then A = ^ = y^i and A ii ^^' 

r 

Fl -.yx — area CPK. But TPC exprefles the 

mean motion, and therefore TPK is the equation, 

which is as TK x PK or «y. 

But by the nature of the circle, z zz $ 

and fince / is in a given ratio to /> (or as .3123 to 

rrf t 

69,) therefore z is as ' , or — 7- X TK 

rr+// vrr+tt 

cry X TK, or as uy. Therefore decreafmg the 

tangent in the fubduplicate ra^io of 11073 ^ 

JO973, or in the fimple ratio of 69 to 68, 6877 ; 

accelerates the area in proportion of PKs as it 

ought to do. 

[ib, — in a proportion compounded of the dupli- 
cate, &c.] for (' y con 16. pr. 66. L- 1.) all angu- 
lar errors are as the fquare of the time of the moon's 
revolution, diredly, and the fquare of the time of 
the earth's revolution inverlly ; that is (by pr. 15. 
L. I.) as the fquare of the time of the moon's re- 
volution direAly, and the cube of the earth's dif- 
tance from the fun inverfly. 

[Pr. 30. And this force by prop. 25, is, &c.] 
The force 3PK: : force ML. : : 3IT : PT (for chefe 
iare the fame) and force ML : centripetal force by' , 
which the moon revolves, &c. : : i ; 178^ (by 
i()r. 25.) therefore ex equo^ force 3PK : centripetal 
force the moon revolves with : : 3IT x i : PT X 
J 78^- Or as IT : rad. x 59^575- 

[ib. the half of which the moon] it (hould be, 
which the moon, by the a£lion of the faid foi ce, 
as it is in the firft edition. 

fib. And the angle PTM is equal to the angle, 57. 
&c. j for in this cale LM is perpendicular to (ViP. 
Let PR be a tangent to the point P j then the tri- 
angle 
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Fig. angle RPT is a right one ; and angle RPM =r 

57. angle PTM. And angle LPM : < fRPM r: ) 

PTM (when the radius is PM) : : LM : RM : : 

force producing LM : force producing RM : : i : 

59^575^ 

[Pr. 3t. cor. and the decrement is to the re- 
maining motion as lOo, &c.] The motion of the 
nodes in the dftants : motion in the fyziges : : 
11073*: 11023*: : (becaufe 11073,11023,10973 
* are in arithmetical, and nearly in ^ progreflion) 
II 07 3 : 10973; and decrement : remaining mo- 
tion : : (T1073 — 10973 =) 100 : 10973. 
58. ^ [ib. but the decrement] for the decrements are 
as the forces and times, or as the whole motions 
and times; that is, decrement at H (or increment 
at b) : decrement at A : : mot. at H, and time : 
mot. at A, and time : : (that is, by what went be- 

fore) as mot. at H X yy — ^^^r • mot. at A x rr — ^rr 
(or mot. at A X -Irr.) This reafoning being very 
obfcure, you will find the motion of the nodes 
clearly inveftigited, in (Prop. V. Seft. VI. and cors. 
of ) ' my Aftronomy . 

(Prop. 32, it is drawn back again] that is, fup- 
pofing the place of the node given. 

[Prop. 32. Now the area of the femicircle] For 
let NT n i, AZ =>, TZ = ;c. Then eZ - 

__2! , and Ae ( AZ - eZ) = 9o^^7y \^ 

9.0825:+^ , 10,082 7 +yy 

But yy = I— XX, therefore Ae = EiEilZ^^S^ 

iOio827 — XX 

tcQ. X into \^i-xx, putting h = 10,08276, and 

f^ I XX x^ 

the flu3don area NA^ = b—i x -^ + -^ + -y^* 

&c. 
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&c. X x\/i — XX \ whofe fluent (by form 17. Flux- Fig. 
ions) = i. + JL + -L. &c. x^^i. <P (put- 

ting^ r= quadrant or ) = -92435 ^, there- 

fore half the area NF» in .o7565(p. And the area p 

NFii 
(or quadrant) is to the area i or the femicir- 

2 

cle, to the whole area NF» ; as i to .07565, or as 
793 to 60. 

[Prop. 33. .will nearly agree with] let N = 19 
49 3 55^ P = periphery of NA» or DFB, E the 
equation, S = S.2N A. 

Then NAZ rcprefents the mean motion of the 
nodes for the arch NA, as N does for the whole 
circle ; . and NAZ is the true motion ; and ATZ 
is the difference proportional to the equation. 

Divide by ^r, and then ^ : •-:^ : : N : E, or p : J2 

; : 4^N : E, that is, \p : S : : 4^N : E •, whence if 
BF = 2NA, then (by conftrudion) AD : CD : : 
p : I^N : : S : E. Suppofe S an arch in.DF, then 
360 : 4N : •- degrees m S : E ; but deg. in S (in 
the circle DF) : degrees in DG (in the circle DG) 
: : AD : CD : : fby conftrudion) 360 : ^N in de- 
grees : : degrees in S : E ; whence the degrees in 
DG zz E ; or the angle DAG zr equation. 

fib. cor ] for in the fyziges the areas ANZ and 
^NZ vanilh ; and N A is 90% when they arc in the 
quadratures ; and when in the odtants, the fine of 
BF :z: S.go n 1 ; therefore, 

38.3 — 1. 58319 

Rad. — 10. 

I — o 



♦. 



S. < A (i' 30') 8.41681 



[Pr. 
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Fig. [Pr. 2. pa. 291, and by the demonftration] the 
angle ATN will be the diftance from the nodes 
true place, by conftrudion. Alfo the mean mo- 
tion of the fun, io the time NA : mean motion of 
the node from the fun, in the fame time : : (mean 
annual motion of the fun : mean annual motion of 
the node from the fun : : (hy Pr. i,) area of the 
cliipCs : area of the circle : :) TBN : TFN ; but 
TBN was the mean motion of the fun in the time 
N A ; and therefore TFN is the mean motion of 
the node from the fun in that time N A ; and FTN 
the sngle of the mean motion, or the diHance of 
the tun from the mean plane of the node. 
. fib. cor] for let ain zz nib rz 45% and/f J- to 
•^* 4cr ; thcnfc is the fine of //tf, the A*s fci and kb are 
fienibr 5 therefore fc :fb i: It i bb \ and by com- 
pofition, fh : f /, or ^ / : : bfi fc •, and by invcrfion 
Jc is to at or kt : ifb ifb ox by : x kH. : Hm or tk 
+ /H. 

[ib. but the fine of J draw oz -J- to it, then oz 
is to fc in a ratio compounded of {or lofb or of) 
$s to fgj and (the fine of orz or trs to the fine of 
/Ji or tbg^ that is, of) ts to tg ; that is, in the com- 
pound ratio of ^JX/i tofgxtgj that is(becaufe rad. 
: cofine : : 2^^ fine : fine of the double arch, and 
therefore thercftangle of the fine and cofine being as 
the fine of the double arch > as fine of 2^/«, to 
fine of 2ftn or radius. 

[ib. Sch.] for TS : (TS + SK i=)TK: : 360° : 
Vot*^* + 39%^355 =) 399^^35li = • 9^0827646: 
lO.s'S 2 764.6. Therefore TH : TK : : v^9,o827646: 

\ u\oS, &c. And therefore TH : HK : : 
iS^o;.2476i : I : : TS : SH : : mean niotion of the 
UMMUcan motion of the node zn 19^ 18' 1" 2 3'"|.. 

I AiUy, TK + TH ( z: 38,224.28 : KH ( = 1) : : 
WvL : unc of i" : 29' : 57'' (by cor.) 

l*r. U* ^'^^r- ^- ^i^h d^^ regard] for whilft p 
movc$ iVo.n Q to F, the (urn of the areas is com- 
prehended 
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prehendcd by TH produ6cd, FQ, and tangent toFig. 
Q •, but in moving from F to y, the line H^ falls 
on the other fide of the circumference, and the fum 
of thcfe areas is that comprehended by FT pro- 
duced, Ff, and the tangent to y; and the difFer- 
cnceof thefe areas is the femicircle, generated in 
the time of defcribingQAj ; and in the time of 
defcribing the whole circumference, the whole cir- 
cle will be generated. 

[ib. cor. 4. that is, as the diameter] Suppofe Qjo 
to be the double diftancc of the moon from the 
quadratures ; MK the fine thereof. Then Kk : 
M/> : : MK : radius. And the fum of all the Kk\ 
or the diameter : fum of all the Mp's or QAq : : 
fum of all the fines : fum of as many radii, or half 
as many diameters. And therefore (multiplying 

the antecedents by — ^, and the conlequents by 2) 

the fum of all the fines x -7^ : fum of as many 

diameters : : diameter X ^— ^ : whole circumfe- 

VG 

rence. 

[Prop. 35. by the fame increments as the fine of 
inclination doth, by cor. 3.] For if AEG be dou- 
ble the diftance of the nodes from the quadratures, 
GED will be double the diftance of the nodes from 
the fun ; and they both have the fame fine. 

[ib. Schol.] Here are feveral particulars about 
the moon's motion barely laid down ; many of 
them being taken only from obfervatlons. 

[ib. pa. 299. The force of this aftion is greater] 
It is greater the nearer it is, and attrafts the moon 
from the earth, and fo dilates the orbit the more. 
But the further off, the ki^ j':rce, and the lefs the 
moon is drawn from the earth. And at a greater 

diilancc 



94 ACOMMENToK 

Fig.dillance (he moves flower; and at a lefs diftancc,' 
fatter. 

[ib. further I found that the apogee] by cor. 14. 
prop. 16. B. I. And if a be the fun's mean dif- 
tance^ and ^ + x any other diftance, then the mo- 

lion will be as , or — , or — X 

a+x^ ^' a^ a^ 

I .^ 11 , and the equations, as — , or as x. 
a ^ 

The tnotion of the fun, that- is the angular mo- 
tion, is reciprocally as the fquare of the diftance. 

[ib. but if the motion,] let v be the velocity, 
fn the mean motion of the fun. Then if -y be as 

-==; or n — zzm — — - tn ; then the equa- 

tion IS — w. But if V be as : . or 

a a+x^ a^ ^* 

zz m w;, then the equation is —m. And the 

firft equation to the fccond, is as — m to — ^> 

a a 

or as 2 to 3. And hence the greateft equation of 
the apogee and nodes (fum of all the — m) : their 

mean motion {m) : : 2° 54' 30'' : fun's mean mo- 
tion ; the greateft equations being as the mean mo- 

x^ tions. 

♦' [ib. pa. 300. By the theory of gravity I like- 

wife found] For then the moon being nearer the fun 
fin all points of its orbit taken together^, the fun's 
force muft be greater. 

fib. p. 301. By the fame theory of gravity the 
aftion,] l;or when the fun is jn the line of the 
p nodes, its whole force is exerted in moving; the 
moon, and none in moving the plane of its orbit. 

[ib. 
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[ib. By the fame theory of gravity^, the moon's] Fig, 
By cor. 8. prop. 66. B. I. 

[Pr. 36, in other pofitions of the fun,] by the 
reafoning in cor. 19. pr. 66. L. 1. deprcffion of 
the water at P : afcent at P in the direftion PH : : 
(LM : TM : :) PT : 3PK; and afcent at t in di- 
reftion PH : afcent at P in diredtion TP : : (rad. : 
S.PTK : :) PT : PK ; therefore {ex equo) depreffion 
at P : perpendicular afcent there : : (PT* : 3PK* 
: : 4-P T* : PK* j but the force PT that depreffes 
P is given, therefore the force to raife the waters 
at P, is always as PK*, that is, as the verfed fine 
of 2 PTC or twice the fun's altitude. 

Alfo the efFefts of thefe forces (by cor. 14. pr. 
66. L. 1.) at different diflances from the fun are 
reciprocally as the cubes of thefe diflances j and 
therefore, 

Cor. I. The fun raifes the water under it to one 
Paris foot and 1 1 -^ inches. 

[Pr. ^7^ but becaufe^ of the reciprocation] fee 
pr. 24. 

£ib. and the fun's force in^ let A be the pa- 60; 
fition of the moon, and ATP zz angle the fun 
and moon makes at the earth's center; and let 
PT reprcfent the force of the fun, which divide 
into the forces PK, KT, PK afting in the direc- 
tion t)f the moon increafes her force, K T ading 
in a different dire«5tion, diminifhes it; and there- 
fore PK — KT (or the difference of the fine and 
cofme of the angle ATP) is the abfolute increafe 
of the moon's force-, but this differs not muca 
from the cofine of double the < ATP, (in an 
angle, of \Z°^ the difference zz ,6310189) and 
in the arches 0° 45° 90° they perfedly agree. Or 
thus. 

Let qc zz moon's force, ca ~ fun's force. If the 61. 
fun is in //, let cC ace zz z <ia:n^ then qe or qb -zz 

fum 
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Fig. fum of the forces, cb = fun's force, in that pofition 
62. = cof. of 2 < acn. 

[ib. But further, the force of the moon] for let 
PT be the whole force of the luniinary in the place 
P (01 in D) the other fide of (the earth or^ its pa- 
rallel 5 the force DT = the two forcies DK, KT. 
When the luminary is in D, the force *to move the 
water in the direftion TP, is TK ; and the differ- 
ence of thefe, or f TP — TK =) PK is the differ- 
ence of the forces in the points P, D ; or the ablb- 
lute force to move the fea at the lat. CTP. But 
PK is OC D fine of ATP, or as D cof. CTP. 

Then fince L -h S is the whole force when the 
moon is near the fyziges, and L — S in the qua- 
dratures. Therefore 0,8570327 L mufl: be fub- 
ftituted.for L only in the quantity L-^S, which 
reprefents her force in the quadratyres, 

[ib. from whence we have] alfo 1,017522 L 
nnift be fubftituted for L, in L -|- S, which repre- 
fents her force in the fyziges; and 0,9^^30427 L 
for L, in L — S, when ftie is in the quadratures ; 
tor tKefe reprefent her attraftive forces in the fy- 
ziges and quadratures. 

[Pr. 38. as the accelerative gravity] for if the 
diameters be given, the forces to raife the water 
will be OC abfolute forces -, and if the abfolute 
forces are given (the fpheres will be reduced into 
fimilar fpheroids, for) the perturbating torces will 
be as the diameters (for the perturbating force is 
OC PT fig. pr. 25.) Therefore if neither be given, 
the forces to raife the water in the moon and earth, 
are in the compound ratio of the earth to the 
moon, and the moon's diameter to the earth's di- 
ameter ^ or as 1090 to 100 ; therefore the water 
rifes to 93-^- fc'^t in the moon. 

No notice is taken here, of the tides being leis 

by reafon of the moon's motion round the earth, 

^ than if (he flood ftill in a given pofition. Since 

the 
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the motion of the tides reaches 90° for every ebb- Fig, 
bing and flowing; it would feem, that the faid 
motion could not be propagated thro* 90° to its 
greateft height, in the time the moon flays in the 
meridian. But (by a con^putation from pr. 44. II J 
it appears, that water will ofcillate in a canal of 90** 
in length in -^ of an hour ; and therefore in that 
time the tides will be propagated to that diftance, 
and rife to their higheft; but the pofition of the moon 
in that time is not fenfibly altered 5 and therefore 
the tides would rife no higher, tho* fhe were al- 
ways to fland in a given pofition. But this fup- 
pofes that there is depth enough of fea, to fupply 
water fufBcient for the purpofe. 

[Lem. I. to Pr. 39. to rec.ede towards this fide 
and that fide] that is, all the parts of AC to a<5t 
in a direftion towards the fun j the parts of CE, 
direftly from it. 

[Lem. 2. The matter in the circumference of 
every circle IK] by this is meant the circular ring 
(in the plane of the circle IK) comprehended be- 
tween the furfaces of the fphere and fpheroid. 

[Lem. 3. about the fame axe] he means about 
its diameter. 

[ib.] I. Let ABD be a fpherical furface, and ^3; 
AEFD a circumfcribing cylindric furface, and 
their common thicknefs the infinitely fmall line B^ 
or Aa. Divide AC into an infinite number of equal 
parts zz in rz x^ and eredt the planes id, ne ; then 
the furfaces of the fphere and cylinder compre- 
nended thereby are equal. Now, flux. mot. cyl. 
furface : flux. mot. fph. furface : : (as their matter 
X velocity, iand the matter is given, and therefore, 
as) CB X x^ or id X x : ufxx. And mot. cyl. 
furface : mot. fph. furface : : as all the CB x x : 
to all the ufxx: : AD* : area of the circle ABDG, 

Again. Let ABD be a fphere, and AEFD its g. • 
circuml'cribing cylinder ; ECA a cone, all revolv- 

G , irg 
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Fig. ing round AD. Divide BC into an infinite num-' 
64. bcr of equal parts zz id =: x. Thro' the points 
draw fpherical furfaces igd confcentric to ABD, and 
cylindric furfaces l?f, terminated at the line EC. 
Then (by what went before; mot. cyl. furface idf: 
mot. fph. furface bdg : : AD* : circle ABDG. 
Therefore mot. all cyU furfaces, or the folid EBC : 
mot. all the fph. furfaces, or the fphcre : in the fame 
given ratio of AD* : to circle ABDG. 
^5*'. Further, flux. mot. cyL round its axis OC flux, 
mot, X velocity, that is . oC ^* X ^, or x'^x. And 

the whole motion is OC — . Arid therefore the 

motion^f a cylinder round its axis OC length x 
cube of its diameter, x denfity •, or as its weight 
.X diameter. 
C6. Laftly, let EBCA be a cylinder, and* ECA a 
cone. Then flux. cyl. mot. : flux. con. mot. : : 
AE' X i : ia^ X X : t CA^ x x : C^' x ^> or as 
r^x : x^x. Mot. cyl. round its axis : mot. cone 

round its axis : : r^x : — : : (when x zz r zz CA) 

'4 
4 : I . Therefore, mpt. cyl. : mot. fig. EBC ( =: 

-diflFerence of mot! of cylinder and cone) 1:4: 
f 4 i — I r:) 3. hence it follows. 
Mot. cyl. : mot. foi. EBC : : 4 : 3 

Mot. fol. EBC : mot. fphere : : diameter d : circle. 

Therefore, ex equo. 
Mot. cylinder : mot. of fphere : : 4 diam. D : 3 circle. 

Or. 

Mot. fphere : mot. cylinder : : 3 circles : 4 diam. 

fquare. 
67. II. Flux. mot. cyl. : flux. mot. of a ring (or pe- 
riphery) of the Tame diameter and matter : : (as 
velocity X flux, matter, as) x'a* : r;vx. And mot. 

cyl. : naot. ring :: — : — :: (when x =: r) 2 : 3. 

And 
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And mot. cyl. : mot. any ring : : 2 cylinders t 3 Fig. 
rings. 

^ III. Let ED 1= z ; and let z be given •, then 69. 
yz = rx. Now flux. mot. ring round C : flux. 
mot. ring round AB :: rz :yz or rx. Therefore 
mot. ring round C : mot. ring round AB :rz;rx:t 
("when X = r) AD : AC : : circumference : 2 dia- 
meters. 

Therefore from the i, 2, 3 Art it follow^^ ex 
iquOj that the motion of a fphere : motion of a ring 
round their axes : : as the matter in the cylinder 
and ring, and 6 X circumference x circle : 24 diam. 
cube : : or as fquare of the quadrantal arch : to 
fquare of the diameter : : that is, as matter in the 
cylinder to matter in the ring, and 61685: t;o 
1 00000 ; or as the matter in the fphere to the mat- 
ter in the ring, and 925275, to 1 000000. 

[Pr. 39. (for the realons abovis explained),] for 
Cby cor. 2. pr. 30.) mean horary motion of the 

nodes : i&' ^s'" ^(>"" 3^^ • " AZ* : AT% 
And the fum of all the mean horary motions 
.throughout the year : fum of as many i(J^ 35''', 
&c. : : film of all the AZ* : fum of as many AT* 
: : (by Lem. 1. pr. 39 J 1:2-, for the diurnal ro- 
tation, and annual motion of the earth, are fup- 
pofed uniform. • 

[ib. But becaufe the plane of the equator.] For 
by prop. 30, the difturbing force is as 3PK, (and 
in that prop, the inclination of the planes being 
fmall is not taken notice of,) but when the plane 
of the orbit of P is inclined to the ecliptic, the 
line PK is projefted into;)K, and the force will 
therefore be diminifhed, in the ratio of PK to pK, 
or as the^ radius to the cofine of inclination ; tor ^ . 
the difference of the diftances of P and T from 
the fun become lefs in that proportion, and the 
difitrence of the forces are diminiflied in the fame 
ratio. 

G 2 This 
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Fir. This being a propofition of great difficulty, de-> 
pending upon very intricate calculations, which 
tew people are judges of j for this reafon, the Au- 
thor's demonftrations have been objefted to, and 
cenfured by fome people as aot true. And Mr. 
Simpfon (in his Mifcellaneous Tradts) mentioning 
fome of thefe Cavillers, falls into the iame notion. 
He has invented a fort of motion (which he calls 
Momentum) unknown to Sir I. Newton, or any- 
body elfe, and which differs frohi Sir Ifaac's, in 
the ratio of 800000 to 925725, But 1 never be- 
fore heard of any motion that was not made up of 
the quantity of matter and velocity. 

Another frivolous objeftion he makes, is about 
the motion of a ring being different from that of 
the equator. And he tells us, that the motion 
{Momentum) of a ring round its diameter is only 
half of what it would be, when revolving in its 
plane round the center. But it is more than half, 

for it is as i to £1-1 — , as is dcmonftrated in 

2 

Art. III. What he writes afterwards (tho* he fays,. 
it is evident^) is not intelligible. But he concludes 
at laft in his wav, that Sir 1. Newton has made the 
precefiion (by the fun's force) to be but half of 
what it ihould be. And as fome he mentions had 
made the whole propofition erroneous, he modeftly 
afcribes but two mijlakes to Sir Ifaac in this one pro- 
pofition. But I believe, that whoever reads the 
foregoing Notes, will foon be convinced, that his 
cemonftrations ar^ all right, and that all thefe 
blunders they tell us of, are entirely of their own 
making, and mufb be afcribed to themfelves only. 
[Lem. 4. p. 326. Wherefore if both the quan- 
tity of light,] for quantity of light is as the quan- 
tity the body receives from the fun diredlly, and 
the fquare oif the diftance from the body recipro- 
cally i 
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cally ; that is, OC fquare of the apparent diameter Fig* 
diredtly, and fquare of the body's diftaiice from 
us, reciprocally : therefore the body's diftance is as 

the apparent diameter direftly, and \/ light reci- 
procally. 

[Pr. 40; cor. 4.] For then the parabola and 
earth's orbit touch in the vertex, and the area there 
will be =1 4^ velocity x diftance or radius or^ pa- 

ramcter, that is = 10000 X 243-2747. and 

2 

10000 X 10.13641- for the diurnal and horary mo- 

2 

tion. The reft is plain from Pr. 14. L, I. 

[Lem. 5.] For the ordinates AH, BI, CK, &c. 
Put tf, 2^, 3^, &c. and take the differences as ^ 
follows. ^9* 

^ 2^ 3^ 4^ 5^ 6a 
b lb 3^ 4^ 5^ 

c 2c 3f AC 

d 2d 3^ 

e 2e 

/. 

Now, to find any ordinate as 4^, we have 4/? 1= 
2^ _ 2^ zn 2/? — 2^ iz: a — b 

' — 2^H-2^ — 2X^ + 2Xr 

+ C 

+ ^ zi tf — 3.^ -i- 3.r — rf. 
and lb of others. 



G 3; Cafe 



♦ 



I02 


A 


COMMENT 


OK 


■ 


Fig. 
69. 


Cafe I. If wc fubftitute for /, j 
equals, we fhall have 
KS=a 

+ *X — SH 


f, f , &C, 


their 




+ ^x- 


-SHx — 


1^ 





^ 






' +ix- 

+ /X 


-SHx- 
~SHx- 
-SHx- 


SI 

2 
SI 

2 

.SI 

2 


3 

x^l 

3 


f 

SL 
X 

4 

SL SM, . 

XX tec 

■ 4 5 



Now let RS fall upon any ordinate, as for ex- 
ample on LD, then SH, SI, SK, SL, &c. will be 
=;. LH, LI, LK, o^&c. zz 3^ z, >,^, &c. refpec- 
tively, which being written in the aforelaid fcries, 
we have 

RS = ^ — 3.^ — 3 X =llr — 3 X — x=:ii^ 

2 2 ^ 

4- ^ ^ IT ^ — 3.^ + 3,^ — ^, which, by what went 
before, is the value of the ordinate DL ; ard fince 
this holds generally, it is plain, this feries will give 
the value of RS wherever it falls. 

Cafe If. Let x reprefent any bafe HS, y any or- 
dinate RS^^jAfTu me y = Pi +Bx + Cx XX — P 

4- Dx X AT — P, X X — Q, continued to as many 
terms as there are ordinates, which fuppofe fourj 
P. Q, R, &c. being refpedively =: HI, HK^ 
HL. Then putting AH, BI, CK, DL, fuccef- 
fively forjy, and 0, HI, HK, HL for ;f, we (hall 
have from the general equation, AH rz A, BI zi 

A + BP, CK zi A ,+ B Q^-^ CQ x Q^ PL- 

A + BR + CR X H — P + DR X K -P xR=^^ 

that is, from the figure, 

AH 
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AH = A = fl, " Fig. 

BI = A + B X HI. 6q. 

GK = A + B X HK + C X HK X IK. 
DL = A+BxHL + CxHLxIL+ D xHLxILx 
KL. 

Whence by Subftraftion. 

AH — BI= — BxHI, 

BI — CK±:— BxIK — Cx HK x IK. 

CK — DL = — BxKL — CxHK + lLxKL 
— DxHLxILx KL. 

Then dividing by the coefficients of B. 

AH — BI 

HI 
BI — CK 



= — B = ^. 



IK 
CK — DL 



= — B — CxHK = 2^. 



= ^B — CxHK + IL — Dx HL 



KL 
X IL = 3^. 

Again by Subtraftion. 

*— 2^ = CxHK. 

ii — 3^ = C X IL + D X HL X IL. And dividing 
* — 2* 



HK 



= C =<•. 



£ini£ - C + D xHL = 2f. Alfo 
IL 

c — ^c— — D X HL, and 

Thus the coefficients A, B, C, &c. are deter- 
mined for four ordinates, and they are found the 
fame way, • if more ordinates are given. I'hen 
taking x at pleafure, as fuppofe z= HS, then RS 

or y will be a -^ bx •\- cx xx — )^ -^r dxy^x — P 

G 4 X 
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Fig. X ^ — Q, &c. =a + bxp + cxp xlS + ix 

p X IS X SK, &c. zza +i?p + cq + dr, &c, 
69. [Cor/L.em. 8.] for then AC : Ai(— AI — Si) :•: 
A/u,C:] hidy-'dy.xC = Alfj^y—ilf^X), and : : ASC : 
AS^ (Fropor. 10.) : : (AiuC + ASC =) ASC^A : 
{Ac'dy - di^x + ASJ zz ASc^^> A — dfj^x =z (becaufe 
A's xJ/x and <yS/A are equal) AStJ'^A — ^i^;v + ^fcT^ 
— S^/^c = AS^^X-A. — St?^ =) ASiJ^dyA : : time 
of defcribing AjuC : time of defcribing Ayi^. 

[ib. Schol.} For B» will cut the chord AC in a 
point a little beyond E (towards C), fuppofe at e. 
Now the area AEX/^A to the area ACY;xA, is in 
fomething a greater ratio than AE to AC, as fup- 
pofe as Ae to AC, more near than before There- 
fore ASEX/xA : ASCY^A : : .^e : AC. W hence 
ASBX/xA (or ASEX^t^A) : ASCY^A : : Ae : AC. 
Or ASBY^txA : ASCY/xA : : ( A^ : AC : : ) timfe ia 
AB : time in AC, very near. 
. [Lem. 10. to the triangle ASC, that is,] AQotA : 
ASC : : ACx t^V - AC x4-SM (becaufe the <::'s 
SMA and A I v. are equal, and M^ = ly.,) : : AC x 
14-M/X : AC x SM : : MN : SM. And by compo- 
fition ASCM': ASC : : SN : SM. 

[Lem. II. Subduplicate proportion of i to 2,] 

AC 

and therefore r: — ^ . And the arch in half the 

time =: — . And ^ - 2SP - ^. = fpace 
s/^ 2 ' ' 4SP 

defcribed in defcendin^. 

[Prop 41. and BE, by Eem. ir, is a portion,] 

/S and this hypothenufe (mentioned in the prop.) 

are the diftances of the earth and cpmet from the 

fun. Now BE to /V is compounded of BE to the 

part of the hypothenufe ^projeftfrd into Bh) or of 

feS to the whole hypothenufe, and of that part of 

the hypothenufe to /V, that is, as the gravitating 

forces 
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forces atthe comet and earth Cfor thcfe lines would Fig. 
be defcribed by falling bodies in equal times, by 
thefe forces), that is, as S/* to hypothenuie fquare. 
And therefore BE : /V : : BS x S/* : hypothenufe 
cube. 

Further, becaufe of the immenfe diftance of S, 7^ 
any of the points B, /, /^a, are nearly in the curve 
of the parabola, and ^ the vertex, and /up, M, jo- 
nearly parallel. Therefore < Ifxi r: (by reafon of 
the redangle. I//aa)J <;/>/aL or zi Sf^lL. There-^ 
fore /xl is the diameter to the vertex />o ; alfo ^<r zi . 
(by conftruftion) ^S<r + 3/A — gSo- + 3I/A zz. 380- 
+ 3/xp zz (becaufe zOo- zz ^[jt,p) 380- + zO(r. And 
therefore ^O = 380- + 30<r =: 3OS. But f^O : 
Ifjt, : : p3- : Ip. But mI is bifefted by i\ ; therefore 
Ip zz 2l\ ; and pT zzl\ zz ilp (fince lo- zz 3IA by 
conftruftion) ; therefore (j^O zz 4,<aI. Whence (by 
Lem. S.) a line drawn from ^ divides the chord 
AC nearly asf the time ; whence BE drawn towards 
^ is rightly drawn. But (by conftruftion) new BE : 

former BE : : B8* : S^ + ^i^\' : : as the gravita- 
ting force at the diftance Sjit + ~/a : to gravitating 
force at the diftance B or jt>t : : fpace fallen thfo' at 
the diftance S,a + ^i\ m the time of defcribing 
the arch 4-A/>tC : fpace fallen thro' at B or ]u, in the 
fame time. But former BE zz fpace fallen thro' at 
fA.. Therefore new BE zz fpace fallen thro' at the 
diftance S/* + -^ia, (in half the time the comet de- 
fcribes the arch intercepted between TA, tC zz 
(by Lem. il.) /a, or this new BE nearly ; which 
therefore is rightly determined, nearer than before. 
Becaufe the diftance of the fun and gomet is 
fomething more than the hypothenuie of the trian- 
gle, whofe bafe is Sji* and perpendicular lO (he- 
caufe O is only a point in the chord, which fliould 
be in the arch), therefore he fuppofes that diftance 
p: hypothenufe (whofe bafe is S/a + *m, and per- 
pendicular 
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Fig. pcndicular lO, that is) = DO. Alfo MP iXiifhj 
JO. conftruaion)\/sr:v/OD:: (by cor. 6. pr. i6. I.) 
velocity of the comet at diftance DO : velocity 
thereof at diftance S/ : : fpace defcribed (uniformly) 
at the diftance DO, and in the time of defer! bing 
the arch ABC : Ipace defcribed (uniformly) at the 
diftance S/, in the fame time, which is iz X by 
conftrudlion ; and therefore MP zz fpace defcribed 
(uniformly) at the diftance DO, (in the time that 
the arch ABC is defcribed) zz (by Lem, lo. con) 
to the chord of that arch. 

The points ^ a^ f, ^ ; and f » «, x» ?> being found 
out as E, A, C, G, before •, is with an intent to 
find at laft MP = MN, or AC z= AG. Where- 
fore feveral of them being thus found, and a fim- 
ple cvirve (viz. a circle) drawn thro' thefe points, 
finds the points Z and X where thofe lines would 
be equal ; for the nearer they approximate to equa- 
lity, the nearer they come to the true points of the 
comet's orbit. 

Further, velocity of a comet at Q (in a para- 
bola) : velocity of a comet at Q (in a circle) by 
cor. 7. pr. 16. I.) : : ^2 : i : : (nearly as) 4:1. 
Alfo velocity at'Q (in a circle) : velocity at / (in a 
circle, by cor. 6. pr. 4. I) : : ^/S/ : v/S(^ There- 
fore, ex equo, velocity of the comet at Q, in a 
parabola : velocity of the earth in its orbit at / : : 
4v/S/ : \/SQ. But velocity of the comet at Q : 
velocity of the earth at / : : ("nearly as) AC : Tr. 
Therefore AC : Tr : : ^y/S/ : v/SQ^; or AC : 
jTt : : v/S/ : \/SC^ As it is by conftruftion (for 
AC is to 4-Tr in the reciprocal fubduplicate ratio 
of SQ^to S/, and not in the-direft fubduplicate ra- 
tio, as is falfely printed ; therefore Q is (near)y) 
in the chord of the parabola, and B a point of the 
comet's orbit, nearly. 

Laftly, if MP z= MN, or AG = AC. Then 
Y^: YB :.: Yc : YE :: ac: AC:: velocity in b : 

vclo- 
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velocity in B : ; v/SB : \/Sb. But if S^ r: SB Fig- 
and MP or AG invariable'; it will be Yb : YB : : as 70, 
ac or AG : AC^ when the point G tails in CY. 
Therefore liniverfally Y^ : YB : : AG x \/SB : 
AC >^s/Sb : : MP X ^/SB : MN X s/Sb, to 
find the point b true. 

[ib. p. 352. may be feen in the following tabic.] 
The places of the comet in this and all the other 
tables^ are the geocentric longitudes and latitudes 
of the comet. ^ 

fib. p. 358. And thinking, &c.] In plate 18, 
while the comet pafies thro' 1, K, L, M, &c. the 
earth paffes from between P and K towards G. 
Whence the comet will move fwift thro* LKL, and 
NOP; flower thro' LBM, and QRS, as is faid in 
the foregoing page 357. 

[ib. p. 360, as about 6 to looo,] for by page 

348,9. ^^^' ^^^' = 6, nearly ; when earth's dilt: 

4 
=: 1000. 

[ib. p. ^66. I found, that at the height, &c.J ''^ 
Let SA ^=: rad. earth = 20950000 Englifli feer, 
nearly, AB =z 850, AF zz AS, and the denfities 
AH and BI are as 33 to 32. Bat (by cor^ 2. p. 
22. II. J A^ — B^ : ha — F/ : : thin : thnz ; that is, 
ABxSF, or2ABxSA: AFxSB, orSBxSA:: 
thin : tbnz ; or 2AB : SB : : thin : thnzy that is, i : 
12324 : : thin : thnz : : {'by fchol. prop. 86. hyper- 
bola,) log. S/ — log. Su : log. St — log. Sz : : 
^013364: 1. 518514 — log. Sz. Whence log. Szzz 
:— 164.820578 j and SZ or FN zz , (0^63 cyphers) 
66 +. Wherefore FN : AH : : ,0^63 66 : 33 : : 
or as'2 : lo^^s : : 1 : 10164 -. : denfity in F : den- 
fity in A. But diameter of Saturn's orb is iz 191 
times the femidiameter of the orb's magnus zr 
191 X 20000 radii of the earth zz 191 x 20000 x 
20950000 X 12 inches zz 96 o'' + inches. And 
4 ipher^ of 1 inch diameter : to this fphere : : as i : 

960 
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F%' 960^! : : I : 88 o*J + •, but io'<^* > 8 o**. There- 
fore, &c. 

[Prop. 42.] the correftion of the orbit here 
given is computed by the rule of falfe; ift, for the 
longitude of the node, by operation i and 2, and 
2dly for the inclination of the orbit, by operation 
1 and 3. 

I. for the longitude of the node-, fince (by con- 
ftrudtion) time of defcribing D : time of defcribing 
E : : D : E : : G : i -, and (time of defcribing E, 
nearly zz ) time B : time A : : i : C ; therefore 
{ex equo) time of defcribing D : time A : : G : C ; 
therefore G — ^^ C is the error of the times between 
the firft and fecond obfervations, for the given lon- 
gitude of the node K, and the given inclination of 
the orbit I. Again, 

Time of defcribing d : time of defcribing e : : 
d ; e::g : i -, and time of defcribing e (nearly z=) 
time B : A : : i .: C ; therefore time of defcribing 
d : time A : : ^ : C ; and g — C is the error of 
t time, between the two firft obfervations, for the 
longitude K + P, and inclination I ; therefore by 
the rule of falfe, by two pofitions (which fays, diff. 
er. : diff. pofitions : : either er. : correftion of its 

pofition), G— ^ : G — C : : P : ^"~^ P =: the 

G — g 

cprredion of K, or the computation may be 
thus, fince t<J the fuppofition K and K + P, the 
errors between the firft and third obfervations, in 
thefe two cafes, » are- T — S, and / — S -, there- 
fore T — / : T — S : : P : — ZH P zz the fame 

T — / 

corredionvof K ; therefore mF /'is to be) zz P 

P r 

zz r r P ; and therefore mT — mt zz T --^ Si 

G~g 

and ajG —»»??• = G — C. 

II. For 
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II. For the inclination of the orbit, it is plain Fig. 
T — S = irft error of the times between the firfl: 
and third obfervations, to the given node K, and 
inclination I -, and r — S z= error between the 
firft and third obfervation, to the node K, and in- 
clination 1 + Q. Therefore (by the rule of falfe), 

T — T : T — S : : Q : Hn^Q = correftion of 

T — r 

I ; again this time of defcribing i : time of dcf- 
iCribing £ : : f: s : : y • i; and Ctime of defcribing 
£ zz nearly) time B • A : : i : C : ergo time of def- 
cribing i : A : : y :C'^ therefore y — C r: error 
of the time$ between the firft and fecond obferva- 
tions, to the node K and inclination I + Q ; and 
G — C was the error between the firft and fecond ob- 
fervations, to the node K and inclination I; therefore (as 

before; G — y : G — C : : Q^: ^~^ Q = cor- 

G — y 

T — S 

reftion of I j therefore »Q (muft be) = Q 

T T 

= $~^Qj and »T — »r = T — S, and 

G — y 

»G — ny = G — C. Laftly, from I and II.) 
2 T — 2S n mT — «j/ + «T — »t ; and 2G - — 2C 
zz mG -^-mg + nG — ny ; therefore the numbers 
m^ n are rightly found. 

[ib, and laftly, if in — ] becaufe the longitudes 
in t!ie firft and fecond orbits are K and K + wP, 

therefore the latus redlums will be R and R+r — R 
X m% and becaufe in the firft and third orbits 
or planes thereof, the inclinations are I and I + «Qi 
therefo re the latus reclums will be R and R + 

f — R x«; o r R + r — R X m, and R +r — R 

Xw + f — RX». 

Or thus; if the longitude K be increafcd (in 
op. I, 2.) by P, then (becaufe the dillance of the 

peil- 
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perihelion from the fun is increafed accordingly), 
the latus reftum will be increafed by r — R, and 
if the longitude be increafed by i»P, the latus reftum 

will be increafed by i»r — R. And for the fame 
reafon (in op. it 3.) if the inclination be increafed 
to «Qf the latus reftum will be increafed to Nj — R 
(for at the increafe Q, the increafe of the ktus 
rcftum is = f — R, fincc the whole is f, or R + 

^"ZITrJ ; therefore if both longitude and inclina- 
tion be increafed, the latus reftum will be increafed 
in botH thefe refpeds, and will become R + mr 
— »iR + »f — »R. 

Alfo when K becomes K + Pj the tranlVerfe 

becomes; ' ^^ 7 ; alfo when K becomes 

K + f»P the tranfverle becomes^ ■■ ■ , for the 

fame reafon when I is increafed to I + nQ^ the tranf- 
verfe is • . Therefore when both longi- 

tude and inclination arc increafed, the tranfverfe 



I 



will then be ~ 

h+ml — «?Li+»A — »L 

[ib. Sch. pa. 385, the comet] for by pa. 360, 

comet's dift. : earth did. from o .' : 6 : looo : : dift. 

comet in diameters : (earth's dift, in o diam. zz) 

109 o diam. therefore comet's dift. from the fun^s 

center zi — ^ =: 654 diams. and from its furface 
1000 , 

=,154 diams, zz — fun's diameter. 

6 
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A DEFENCE of 

Sir I. NEWTON, 

AGAINST THE 

Objectiqns that have been made againil 
fevejal Parts of the Principia. 

Raro antecedentem fcelejlum^ 

Defsruit pede pcsna claudo. Hor. Lib. III. 

TH I S incomparable Treatife being written in 
a concife ftile, and in the fynthetic method, 
and being upon fubjeds quite new and untouched 
before ; the generality of readers could make little 
of it. As it contained a new fyftem of Philofophy, 
built upon the moft fublime Geometry, the great- 
eft mathematicians were obliged to ftudy it with 
great carfe and attention ; and few became mailers 
of the fubjeft ; fo that for a long time it was little 
read. But at laft, when the value of it became 
morq known, it gained univerfal approbation ; and 
the whole world ftood amazed at the numberlefs 
new difcoveries contained therein. And upon ac- 
count of its univerfal agreement with all the phaeno- 
mena of nature ; it was adopted as the only true 
fyftem by all, except fome few that, thro* envy or 
ignorance, were bigotted to fome other fchenie. 

It is true, many things therein depend upon very 
difficult mathematical computations, not eafily 
comprehended by every reader ; and tliis ha?f given 
occalion to Ibme people to qucilioa or even deny 
the truth of feveral propofitions laid down in this 
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book ; and have therefore given conlputations of 
their own, different from his, which they affert 
for truth •, and thereby, as they think, proving his 
to be falfe. I (hall therefore fpend a little time in 
anfwering the moft material of thele objeftions, 
and (hall ihew that thefe principles objeded agaixift, 
arC;^ all true in the fenfe Si^r Ifaac meant them; and 
that thefe objedtions are only the effeft of their 
own ignorance or inattention. 

% Bernoulli (Tom*. IV. pa. 340) thinks New- 
ton's demonftration, of cor. 4th to the laws, is 
imperfeft, where he fays, only the aSlion of two bo^ 
dies is coyifidered. And lays down a method, by 
which he thinks it may be fully demonftrated. 
But at laft leaves it u'ndemonftratedhimfelf; and 
tells you, that this is the foundation, but leaves 
the calculation for others to make out. 

But Sir I. Newton, after he had fhewn the truth 
of the cor. in two bodies, (hews that the common 
center of gravity of thefe two bodies and a third, 
will cither be at reft, or move uniformly in a right 
line. And from thence, that the center of gravity 
of any two (in a fyftem of bodies), fuflfers no change 
of ftate by their aftions upon one another. From 
whence it follows, that in the whole fyftem, all 
thefe aft ions (compofed of the aft ion of every two) 
can induce no change. And if the aftions of any 
two makes no difference in the center of gravity 
of the whole, feparately confidered ; then the 
aftions of every two confidered colleftively can 
make no difference. This is certainly fo, tho* de-r 
livered in a few words. Sir Ifaac was not writing to 
children. 

The fame Bernoulli (pa. 347) objcfts againft the 
loth prop. B, II. for not being iblved in a way 
general enough to pleafe him. Here Sir Ifaac has 
folved the problem according to that law of re- 
iiltance which, really exifts j but could not fparc 
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time, or fill up his book wich ufelefs enquiries, or 
things of no confequence. His noble- ftrufturc 
the Principia is all gold, but he has left the drofs 
for fuch authors as this, who are fond of anything, 
and will ferve well enough for building up their 
fyfiems. This author in particular is always depre- 
ciating Sir Ilaac, and extolling his own performances-, 
tho' they are long, tedious and laborious to the 
laft degree, and often falfe -, altho' he has the ad- 
vantage of the analitical and fluxional methods ; 
and fcemsr to be ignorant that the method of a- 
nalifis, by which he {Bernoulli) folves thefe pro- 
lems, is incomparably ftiorter than the method of 
compofition, in which Sir Ifaac has writ. Had he 
written the Principia in the analitic way, or ac«- 
cording to the method of Fluxions, a fcience then 
utterly unknown to the world ; it could not have 
been read by any- man living. By the fame way 
of reafoning this boafting mathematical bully may 
as well condemn Euclid's Elements, or ^pollomus* 
Conies -, becaufe moft of the propofitions may be 
demonftrated incomparably Ihorter by common 
Algebra. 

This Author feems to have a particular fpite 
againft the Englilh mathematicians, being always 
carping and criticifing. His works are full of in- 
veftivcs againft Sir I. Newton for his great difco- 
veries, which this low Critic is unfuccefsfully en- 
deavouring to imitate. When one perfon has 
another man's works to look thro', he muft be a 
great blunderbufs that cannot make fome fmall 
additions ; a man placed upon another's fhoulders, 
will fee further than his fupporter. Yet in many 
cafes he has difimproved Sir I. Newton. Sir Ifaac 
had a work entirely new to execute, in a fhort, and 
general way ; and could not take notice of every 
bauble. 1 his author has had nothing to do but to 
imitate. The regular works of the one will live; 
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thro' all ages ; but the cdnfufed chaos of thft 
other will mik into .everlafttog oblivion. 

The fame author (pa. 484) alfo objeds againft 
the denionftration of tne 3 6th prop. B. IL For fays 
he, Jince in Newioifs cataraSl there is no compreffim 
ef the water in awf place^ nor againft ikejtdes of the 
caiaraSy tbe^ internal water pr effing inwards^ mufi 
Sfturb the cataraS^ and mix with it. And therefore 
the Newtonian explication being contrary to the laws 
of Hydrollatics cannot jubjtfi. Yet what Newton^ 
Jays (Cafe I.) might have fatisfied him. His wofds 
are -, For let the ice in the vejfel diffohe into water^ 
yet will the efflux of the water^ as to its velocity^ re- 
main the fame as before. It will not be lefs^ becaufe 
the ice J now dijfolved^ will endeavour to aefcend. It 
will not be greater^ becaufe the ice now become water ^ 
cannot defcend without hindering the defcent of other 
water^ equal to its own defcent. But this author is 
eternally cavilling at eveiy thing ; and all his whole 
fedion on this iubjedl, confifting of about 100 
pages, where he has toft this prob. about into all 
rorms, is nothing but a heap of abfurd incon- 
fiftent ftuff, neither agreeable to theory nor ex- 
periment. So we fliall leave him here drowned in. 
zgurges of his own contriving. 

In the demonftration of prop. 47, B. IL Sir I. 
Newton aflumcs for a principle, that the parts of 
the air hath a motion excited in it, by fomc caufe 
or other, according to the laws of an ofcillating 
pendulum. But Euler has found fault with him 
for making fuch an hypothefis ; and has himfelf af- 
fumed fomc different hypothefes, from which he 
has pretended to demonftrate, that the motion of 
the particJes of air, are moved according to fuch 
hypothefes ; and that his demonftration for his hy- 
pothefis, is as valid as Newton*s is for hi«. But 
Sir I. Newton's hypothefis is more than an aiTumed 
ione, for it is true in fait. F.or any tremulous or 

vibrating 



OF THE P R I N C I P I A. fijr 

ef zfuga vacui was aflumed by thef^ philofophers, 
as the genuine caufe of tKefe effeds. So that, 
. upon no betner a footing tha|i this, tho' the true 
.caule of thdfe effeds (the external prcflTureof the 
air) be now pcjcfedly knowii, yet with thefe bi- 
gotted people, the fame fal|fc principle ftill exifts. 
Thefe philofophers (if tney can be called fuch) 
arc endeavouring, contrary to the nature of things, 
to find out the moil: complicate caufes for explain- 
ing the phoenomena, inilead of feeking the fim- 
pled caufes ; and tHey ieem utterly to reject all 
iimpie caufes, which are the greateft beauty of 
aatvire. For if their brains were not turned round 
in a vortex, they could never prefer thefe complex 
vortical fchemes before the fimple doftrine of pro- 
je&ile and centripetal forces. ' Such Philofophers i 
Sir L NewtOB had (hewn in the fchoL of Prop. 
14. R. HI. that the aphelions of the interior pla- 
nets move a little in confequentiaj fby the a&ions 
of Jupiter and Saturn) in the fefquiplicate ratio of 
tiieir diftances from the fun. But Bernoulli fays 
. this is falfe, for it holds not true in Saturn. And 
. yet Sir Ifaac tells him exprefsly, it is the inferior 
* planets that obferve that law. So little do fome 
men care what they wri<e, if they can only put on 
an air of contradidion. 

In Ending the proportion of the axis and diame- 
ter of ..the earth. Prop. 19. B. III. Sir liaac af- 
iumes them to be as 100 to 101, and from thence 
finds the cxcefs of weight, in one abovic the other, 

to be -1- parts. Therefore he makes this propor- 

tion -^ : — : : the force -JL ; the true 

505 100 289 229 

excels of height. Yet fome people have objeftecj 

againft this as a wrong way. But herein they are 

much miftaken -, for if any force be increafed, the 

*fFc(9: will be increafed in the fame ratio j and.thert- 
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account of them, and fo favc the labour of con- 
ftrudling thefe ufelefs vortices. 

Another author that is vortex-mad^ is Eulery and 
he feefns to go beyond any of the reft, for he 
cannot account for the rifing of the tides without 
Vortexes. But he has not (hewn us by what ex- 
traordinary mechanh'm, or invifible wheclwork his 
vortices are conftituted, fo as to be able to produce 
the tides, or caufe the motion of the comets, fmce 
thefe vortices muft all run counter to one another, 
and penetrate one another, and yet miraculouQy 
preferve their motions entire. 

This idle notion was firft introduced in the time 
of ignorance, upon the fuppofition of a fuga vacui^ 
or that nature abhorred a vacuum. But by our 
better acquaintance with the nature and properties 
of body, and the laws of motion ; we now know, that 
the operations of nature cannot be performed in zple^ 
num ; and therefore a vacuum is abfolutely neceflary. 

If we had known of no celeftial. bodies but the 
planets moving all one way, the fuppofition of 
Na vortex to carry them 'about, clumfey as it is, 
might have pafled for poffible. But one would have 
thought, that the comet's moving all manner of 
ways, would have cured this delirious notion ; and 
have taught them the impoflibilicy of fuch a fcheme. 
But thefe authors, ihefe defenders of vortices, arc 
fo hardy, that they are not at all afraid of an ab- 
furdity or a contradiftion. Thefe things do not af- 
feft or touch them in the leaft ; but they go on un- 
concerned in their ufuai way, tho* contrary to all 
the laws of nature. 

Did I fay that the theory of vortices had its original 
from the principle of 2ifuga vacui ? I did. And the 
principle of ^fuga vacui had its rife from the phoeno- 
mtna of water rifing in pumps and lyphons, as in 
the Torricellian experiment. Here for want of trying 
iu^Ii eKpciinicnts to their full extent, jhe principle 
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^f a/KS"^ vacui was aflumed by thef^ philofophers, 
as the genuine caufe of thie^ efFefts. So that, 
. upon no better a footing tha|i this, tho' the true 
. caufc of thcfe eflFefts (the external prcffure of the 
air) be now pccfedly know^i, y^t with thefe bi- 
gotted people, the fame fal|fc principle ft ill exifts. 

Thefe philofophers (if tney can be called fuch) 
arc endeavouring, contrary to the nature of things, 
to find out the mpft complicate caufes for explain- 
ing the phoenomena, inftead of feeking the fim- 
pleft caufes •, and they fcem utterly to rejcft all 
iimple caufes, which are the greateft beauty of 
aaturc. For if their brains were not turned round 
in a vortex, they could never prefer thcfe complex 
vortical fchemes before the fimple doftrine of pro- 
je&ile and centripetal forces. ' Such Philofophers i 
Sir I. Newtoa had (hewn in the fchol. of Prop. 
14. B^ HI. that the aphelions of the interior pla- 
nets move a little in confeq^uentia^ (hy the a&ions 
of Jupiter and Saturn) in the fefquiplicate ratio of 
their diftances from the fun. But Bernoulli fays 
. this is falfe, for it holds not true in Satairn. And 
. yet Sir Ifaac tells him exprefsly, it is the inferior 
' planets that obferve that law. So little do fome 
men care what they write, if they can only put on 
an air of contradidion. 

In Ending the proportion of the axis and diame- 
ter of .the earth. Prop. 19. B. HI. Sir liaac af- 
iiimes them to be as 100 to 101, and from thence 
finds the cxcefs of weight, in one abovic the other, 

• to be -il- parts. Therefore he makes this propor- 

tlon -21- : — : : the force -- — : the true 

505 100 289 229 

excels of height. Yet fome people have objected 

againft this as a wrong way. But herein they are 

much miftaken -, for if any force be increafed, the 

^fFcdl will be increafed in the fame ratio i and.thert- 

H 3 fmt 



.^j8 a D E F E N C E 

fore increafing the centrifugtl force here, will in- 
creafc the difference of the heights, in the veiy 
fame proportion ; as thefe quantities are very finatl. 
Upon this account, fome pec^te haire unneceffiiu* 
rily run into long calculations, aad 6ciy came at 
laft to the fame conduficHi. 

And the fanie argument holds good againft fuch 
as have objeded againft finding the height of the 
tide (cor. Prop. 36. B. HI.) by the rule of propor- 
tion, comparing it with the centrifugal force. For 
all forces of whatever kind will proAuce effeSs pro- 
portional to the quantities of thefe forces*, and 
therefore he has rightly found the height of the 
tide, by that proportion. 

But Sir I. Newton's explanation xrf the tides 
(Prop. 24. B. 111.) does not pleafe £«&r, tho* he 
accounts for every circumftande thereof. He thinks 
afcribmg thefe effedts to the aftions of the fon and 
moon, is recurring to ^ccuit caufts^ and therefore 
he had rather recur to vortexes for the explanation 
thereof; the notion of which has been confuted 
over and over. He denies the gravitation of bo- 
dies towards one another, becaufe he cannqt difco- 
ver the caufe o£ gravity ; and therefore he will not 
allow it to have any thing to do with the matter^ 
as being an occult quality. But he recurs to a 
principle that is more than occult, his incomprehen- 
fible vortices ; which he thinks the tides tire raifed 
by ; tho' he has not attempted to explain in what 
manner his vortices can do it. 

He fays. Sir I. Newton's account of the tides is 
not fufiiciently explained, that any certain judg- 
ment can be formed whether it is true or falfe; 
that he did not explain the phoenomena of the tides 
but only darkened them. But certainly this man 
does not know what he writes, or does not care 
what he writes. Sir Ifaac explained all the princi- 
pal phcenomcna thereof, and has ihewn, that his 

Theory 



OF THE P R I N C I P I A. rtjf 

Theory is j^rceaWe to obfervations both in nature 
and quantity. And all matters of lefs note may 
be eaOily deduced from his general Theory, by any 
intdligent perfon. But Sir Ifaac did hot choofe to 
creft any pontes afinornm. 

This author values himfelf very much for rejeft- 
ing the principle of attraltion^ cftablifhcd hj fome 
Engiijbmen^ becaufe it is an occult quality. This 
prw^und Philofopher will either knowicvery thing 
or nothing ; he will make no ufe of the forces of 
gravity, becaufe he knows not die caufe of gra- 
vity. For the very fame reaibn he would want to 
know the caufe of that caufe ; and fo he muft know 
every thing in the whole chain of caufes and effedVs, 
or he cannot be iatisfied. This odd temper in fome 
men arifes fron^ the pride of the human mind^ 
which attempts to foar above its fphere. They 
difdain to know the little matter that is within their 
power to know ; whilft they are continually afpi- 
ring at things that are without the reach of their 
knowledge, things for which they have no faculties 
foited to underiland, and no data to determine.' 
This is not to philofophife, but to trifle. 

As this Gentleman takes the liberty to fneer at 
the Engtijh^ he may pleafe to ftay and take this ob- 
fervation along with him, that if it had not been 
for an Englijhman^ he (and fuch like) had known 
nothing. To him they are beholden for all thefe 
great and wonderful difcOverics, which all the world 
acknowledge and praife him for, except thefe fons 
of detraction, envy, and ingratitude. Difcoverics 
that may be looked upon as the works of a Genius 
rather divine than human. 

The EngUJh have found by experience, that by 
the power of fome caufe or other, all bodies are 
drawn or impelled towards one another, according 
to certain laws. And thefe laws are found out bv 
obfervations, and a juflr reafoning from the laws of 
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motion. This caufe, be what it will, they call 
gravity^ without pretending to determine of what 
kind it is. If this author knew the phylical caufe 
ot gravity never lb well, he would be no wifcr ; 
for the cffecbs of it would tc juft the fame ; and 
we can mealure the efFedts of gravity, and from 
tlience find the quantities, and proportions of the 
generating forces, without knowing what thefe 
forces confift in. So that the knowledge of fuch 
a caufe would be only a ufelefs fpeculation. But 
this author is fo fearful of occult caufes, that he 
dare not make ufe of their manifeft effedls ; and 
condemns the Englifti at once for believing their 
own eyes, that there are fiich efFefts flowing from 
this unknown caufe, which they have agreed to 
C3\\ gravity. For it appears to jjiem, that the ef- 
it&s thereof are all that they have any thing to do 
with. Sir I. Newton tells him ipore than once, 
that be does not take upon him to define the kind or 
manner cf a^ion, or the caufes or phyftcal reafon there-' 
of\ but this author cannot take it in. 

Some perfons, when they can find nothing elfe 
to fay, have cavilled about the vtxta.gravity^ ai>d 
fo their objedions are dwindled to a difpute about 
words, and not things. I fuppofe every thing in 
nature, that we have occafion to make the leaft ufe 
of in our difcourfe and reafoning, be it known or 
unknown, ought to have a name given it, to dif- 
tinguifti it from other things, and to convey our 
meaning to others. And thus the caufe of the ac- 
celeration of bodies towards one another is expreffed 
by the word gravity^ and the adtion itfelf is called 
gravitation. I'he word attraction \% ufed in the very 
-iame fenfe ; that is, not in 2^ phyftcal but mathematical 
fenfe, which regards only the quantity of the caufe. 
That thefe terms are the moft proper that could be 
chofen, will appear from hence ; the v^ord at tra£iion 
js taken from its moft manifeft quality j for a bq- 
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dy moving towards another with aa accelerated mo- 
tion, has all the appearance poffible of being drawn 
towards that other by fome inherent virtue in the 
other. The word |;T<«;i/jy has evermore expreffed the 
tendency of a heavy body to the earth ; and therefore 
:by parity of reafon» will as properly cxprefs the ten- 
dency pf the moon tov^rds the earth; or of the earth 
towards the fun, or of any body towards another body. 

Suppofe this philofophcr, or any other of that 
fort, was afked to calculate the times,* fpaces, or 
velocities of falling bodies ; which is the mod 
fimple cafe that can be propofed about gravity. 
Would not any body juftly laugh at him, if he 
flood to demur about it, and refufe to calculate, 
till he knew whether their falling was caufed by 
attraftion, impulfion, or the rotation of a vortex ? 
And would not he equally deferve to be laughed 
at, that ihould hefitate to calculate the motions of 
the moon, or oi the earth and planets ; or of the 
tides; upon the fame account; when they are all 
afted upon by the fame unknown caufe of gravity ? 

But to return to the tides. This Gentleman 
(Euler) tells us, that Newton's method is errone.- 
ous, by which he found the fea to rife to the height 
of near two feet, by the fun's force only. And fays, 
. that Newton found out this enormous effed:, by 
comparing the fun's force with the centrifugal force 
of the earth. This has been anfwered before ; and 
certainly this Gentleman knows little about the na- 
ture of forces, if he does not allow that two equal 
forces, of however different kinds, will always have 
equal cffedls ; and proportional forces, propor- 
tional eflfeds, efpecially in their nafcent ftate. For 
it is not the kind^ but the quantity of force that is 
to be regarded. Therefore Newton rightly found 
the folar tide near two feet, and the lunar tide 84. 
feet, agreeable to experience. But to (hew y6u 
what lort of a theory this Gentleman works by, he 
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finds the folar tide only half a foot, and the lunar 
tide 2^ feet, in all not three feet i which ail obfer-« 
vations confute, and with it, his erroneous method 
of computation. I have met with no body yet, 
but what makes it at ieaft three times as much. 

He alfo tcUs us, that Newton found out die 
forces of the fun ahd moon by help of die tides, 
but he has not done it accurately. And yet New^ 
ton took in every drcumftance that could any way 
mScA it ; as may be feen in Prop. 37. B. 111. 

Having had occasion to compare different kinds 
of forces with one another ; I will venture to lay 
down this as a general Rule, that ail forces what- 
ever, whether attraftive or impulfive, centripetal 
or centrifugal, or of what kind foever, if they be 
equal, they will produce equal effefts. And there- 
fore how idle muft it be' for thefe men to wrangle 
about the kind^ when the quantity only is concerned 
in the eSefi:, and can only be of any real ufe to us 
in our calculations. The enquiry after the kittd 
and mtrdus of adion, is a phyfical, or rather a me- 
taphyfical fpeculation, the knowledge of which 
they can never come at. 

It has likewife been objeftcd by fome perfons, 
that the two examples of Newton, for finding the 
tides, are ill chofcn. But however, he had no 
more to chodfe on, and by their near agreement, 
it fliews they were well chofen. Euler tells you, 
that at Havre de Grace, the greateft and leaft tides 
are as 1 7 to 11 ; and therefore the fun's force -to 
tKe moon's, will be as 17— - 11 to 17 + 11, or as 
6 to 28 ; or as he makes it, as 7.13 to 28, which 
is about as 1 to 4, a proportion not very different 
from Newton's. Dan. Bernoulli fays, that at St. 
Malo\ the greateft height to the leaft, is as 50 to 
i^, which makes the fun's force to the moon's, as 
35 ^o 65, or as 7 to 13, not fo much as 1 to 2 5 
a conclufion utterly inconfiftent with all other ob- 
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fervations ^ whick argues, that the obfervation has 
not been made with fufficient accuracy. However 
this is certain, that if any place can be improper 
for fuch an experimei^ this place is ; by reaibn 
of the very ejaraordinary tides. For hcrt the tide 
being hurried ^ a long channel, growing conti- 
nually ftraiier, it as forced up to an unufuai height. 
. However, I cannot think that* it fignifies a great 
deal, where, or in what places, theie experiments 
«re made, provided the fea be deep, and have free 
ltcce6 ^d recefs to and Irom the place of obferva- 
jttOGu For f ho' the tides be higher * in one place 
than another, the fun and moon con fpire alike to 
ithat ; for if the water be accelerated in any degree 
by the sioon's force, it will likewife be accelerated 
proportioaably by the fun's force ^ fo that the re* 
fult will be nearly the fame. 

I cannot but be furprifed, that in fo material a 
point as this, no body has been fent purpofely, to 
proper places to make obfervaticms of the tides. 
Since by this method only, the forces of the fun 
;and moon can be determined to any tolerable de^ 
gree of exa£tnefs« No celeftial obfervations can 
affift us in thk matter. Aftronomy affords us no 
help. And there feems to be no way for us, to 

fain this great point, but this method by the tides, 
'he jSwces of the fun and moon are fo very fmall, 
in refpeft to the force of gravity, that no comihon 
hydroftatical experiment can fliew us the lead ef« 
fefts thereof. It is only in the tides that their ef- 
feds become fenfible. 

The forces of the fun and moon reach to thc^ 
very center of the earth, and ad upon every point 
,of the radius or column of water under them ; 
and diminifli the gravity of every particle thereof ^ 
and all thefe forces confpire together to raife the 
tide 5 and therefore the radius of the earth becomes 
the proper fcale for all thefe forces to adt on* And 
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we cannot fee the total efFeft of all thefe forces,' 
tmlefs we have a depth equal to the whole radius of 
the earth, or an extent of fea of 90 degrees ; and 
this effeft or the tides, when at the greateft, will 
then only aniount to a few feet. 

If I was to give diredlions for making obferva- 
tions of the tides for this purpofe, I would advife 
to choofe fome place near the equinoftial, as on the 
coaft of Africa or America. And the place would 
be moft advantageous, where the fun and moon 
are in the zenith at the firft obfervation ; and in 
the horizon, at the fecond, for the fpring tides. 
And one in the zenith and the other in the ho- 
tizon, for two obfervations at the neap tides. And 
luch places fhould be chofen where the fea is 
of large extent, and deep ; fo as to communicate 
freely with the place, back and forward. And 
fuch places will be beft in a calm country, and 
performed in calm weather ; and all circumftances of 
weather Ihould be alike (as near as can be^ at any 
two correfpondent times of obfervation, the fy- 
ziges and quadratures. Thefe obfervations ihould 
be made at the fyziges and quadratures, both day 
and- night. And alfo when the tides are higheft 
and loweft, which is three days after. But for 
fome purpofes, trial ftiould be made every day. 
And the bufinels of trying at the fyziges and qua- 
dratures, fhould be continued for a twelvemonth. 
And more places than one fliould be tried. Per- 
haps fome iQands in the middle of the fea, as St. 
Helena^ may be proper; for the weather is likely 
to be more uniform, than on the continent. Hav- 
ing thus gained a fufficient number of obfervations, 
the beft may be felefted, and a nr^ean ratio founds 
by which this matter will be finally determined. 

There are fome, people that objcft again ft this 
cnethod of finding the fun and moon's forces, by 
the tides \ and reckon it very precarious, ^nd fub-' 

jedt 
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jcfl; to many obftacles and intervening caufcs, by 
which the tides are perpetually influenced and dis- 
turbed 5 as if every thing had not its difficulties ; 
the only difturbing caufe is the wind. Yet they 
cin tell us of no other method, but what is more 
precarious and more imprafticable, and lefs cx- 
aft. And fo much for the tides. 

The 39th prop, is about finding the preceffion 
of the equinoxes j againft this, being a prob. of 
great difficulty, objeftions have been raifed by fe- 
veral people, alledging that it is not truly 
demonftrated. Mn Simp/on is among this clan ; 
and he abfufdly makes the preceffion by the fun's 
force alone to be 21'' &'\ which is double to Sir 
I. Newton's ; the confequence of which is, that the 
motion by the moon's force will be only 29''. So 
that by this, the moon's force will be to the fun's, 
only as 14^ to i ; yet he fays in another place, that 
the moon's force to the fun's cannot be lefs than 
24 to I ^ So inconfiftent and erroneous are his 
operations. But this has been taken notice of be- 
fore in the Comment. But the moon's force muft 
be greater than 24- *, for in all obf^rvations of th6 
tides, that have been regularly made, the moon's 
force is 4 or more. And it is hardly poffible in 
any obfervation of the tides, made with any to- 
lerable degree of care, to mils near a half. They 
, that would fee the preceffion of the equinoxes 
truly calculated, will find it in Prob. 26^ Sedt. III. 
of my Fluxions. 

Other objeftions of lefs moment I pafs over, 
as their malignity and falftiood will appear to every 
reader. Such as the abfurd opinion that motion 
cannot be loft in the world -, (concerning A\hich, fee 
my Mechanics, 4to. prop. 10. andcors.) Alfo the 
falfe opinions of thefc that' deny that the compo- 
fition and refolution of forces, are anahgoiis to the 
compofition and refolution of motions, which arc 
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their adequate efieds. Their endk& cavils againft 
his method of demonftrating any {n-o^utioir^ 
' -which is the fyntheticali preierring th^ir own ana* 
litical methods as being morter, whi<:h is no won* 
der. Their introducing into f^yfic^ calculations, 
an obfcure» precarious law or force, called vis 
viva ; founded upon no certain principles. Con- 
cerning which fee my Mechan. 4to. fchol. ta prop. 
II, where the nature of it is unravelled. Their 
promifcuoufly ufmg the words force and motion » 
for one another, which are as different as caufe and 
effeft ; which induces no fhiall obtcurity into their 
writings. Their afcribing the invention cSFluicions 
to Liibnitz^ contrary to the cleareft teilimonies; 
and fome of them tell us, that, not be that firfi 
pund^ but be that fir jt publijhed it^ deferves tke fraifem 
As if the publifher could have publifiied it, at all, 
if the inventor had not firft found it out. Here 
the inventor is robbed of bis due praiie, to give 
it to the thief that ftole it. And in general, meir 
^gravating every trifling flip, as a capital crime ; 
and inftead of praifmg him for what he has done 
(which is more than all the world ever did before) 
they difpraife him for what he bos not done^ or had 
not time to do ; and lampoon him becaufe his time 
or his knowledge was not infimte. 

But if any body (hould a(k, what any of theie 
Bravo' s have done lince ? The anfwer is, nothing at 
all, or lefs than nothing *, they have been turning 
, fcience backwards. For they have been doing 
. nothing but undermihing his. principles, (tho' built 
upon the furell foundations,) to introduce their 
own chimerical hypothefes, that have nothing to 
fupport them but impudence, ignorance. and pre- 
fumption. 

At the end of the Principia, Sir I. Newton has 
given us his thoughts of the deity. Heri he 
ihcws that God is an eternal infinite^ and powerful 

being. 
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being. That all the frame of nature is owing to 
himt which he made, and governs* And from the 
^militude of all the parts of the world, he fliewa 
^at God it one. That he is a being afting with 
etmncil and iefign^ and with the greateft wifdom. 
That we have ideas only c£ his attributes^ but know 
jxKhing of his fubftance \ nor ^er what manneir 
he a£lts or does any thing. Indeed we know nothing 
of the fubftance of any thing, much kfs of God. 
And as we cannot conceive of fpace and time, but 
as neceffarily estifting ; much more muft we allow 
that God exifts necefTarily \ and confcquently that 
he exifts always and every where ; and that not par^* 
ttally but totalfy. In (hort, he has laid down the beft 
metaphyfical notions of God, that can be mel 
with any where. 

But M. Leibnitz will not allow that God has 
in himfelf (much lefs other animals), any princi* 
fit or power of adting, but as he is firft a<5ted on 
by fbme motive^ whi(;h he thinks is to determine his 
adions. And in confequence of that, if two 
equal ways of a£ling were laid before God, he 
could choofe neither; but be like a balance^ 
adted on by two equal weights, that would turn no 
way. But at this rate God is not difree agents but 
a mere patient. He reckons it an imperfe^ion ia 
Qod to be able to choofe one out of two perfedly 
equal things; becaufe he fays there wants 2^ fuf^ 
ficient reafen ; and therefore he can choofe neither. 
But it is certainly a greater imperfeSion to choofe 
neither^ than to choofe (me. It is a principle with 
him that God muft have a fufficient reafon ; which 
is true, but it is God's mere will that is the fuf- 
ficient reafon. And how comes he to know what 
is a fufficient reafon to a perfeftly free agent, that 
has it in his power to do any thing; as if man, 
who is no more than a worm in the creation^ can 
prcfumc to knqw what is fitccft to be done. 

* Sir 
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Sir I. Newton has aflerted, that all the great biv! 
dies in the world move in free Ipace, which i$ 
unbounded and in6nite. That all bodies have pores 
or empty fpaces within them. But this author 
will not allow any vacuum^ but will have the worlci 
be a perfeft plenum. And he tells us alfo, that 
the world will continue for ever without any al- 
teration (or mending); but he has taken parti- 
cular care to prevent that, by introducing his plenum^ 
The motions of the heavenly bodies mult needs 
be retarded and foon ilopt, in moving thro'denfe 
matter, tho* never ,fo fluid. So that one of his 
fuppofitions is inconfiftent with another ; and no 
body could more effedtually deftroy his own hy- 
pothefis, than lie has done himfelf. He had had 
infinitely better chance for this fuppofition, if he 
had made the planets, &c. to move in a vacuum. 

If God had defigned every thing to ftagnate^ 
and be fixt in the world ; then a plenum feems to 
be the'beft conftitution for that end. But as all 
the operations of nature are to be performed by- 
motion, which indeed is the beauty of nature ^ 
then plac^g them in vacuo, muft needs be the 
beft conftitution, as the motions will then be free 
and unrelifted, and the moft durable poflible.. 
And therefore it is as neceflary to have a vacuuniy in 
which thefe motions are to be performed, as k 
IS necefTary to have hdy tp perform thefe motions. 

The fame objedions he has made againft empty 
fpace, he makes againft time; for with him fpace 
is no more than the order of co exilting beings ; 
and time the order of fucceffive. ones ; buc at this 
rate the words nearer or further^ fooner or later ^ fig- ^ 
nify nothing ; yet both fpace and time are meafured 
by quantity, and therefore are themfelves quan- 
tities and confequently real beings, which confutes 
his notions. And indeed common fenfe is enough 
to determine this ; for their exiltence is felf- evident, 

even 
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even to the mofl; ignorant ; and cannot be made 
Kore evident by all the arguments in the world. 
Arguments in fuch cafes, ferve for nothing but 
perplexing things 'that are plain of themlelves^ 
and are often brought for th^t purpbfe., ASiions 
and a vacuum are the firfl: principles of the mofl: 
ancient Philofophy ; which is the fame thing as to 
fay, that God has made bodies^ and room for them 
to aft and to move in. 5or the whole world appears 
to ouf fenfes, to be nothing but matter and motion. 

This learned Philofopher's argument againft 
empty fpace is this -, every perfeSlion which God could 
give to things^ without derogating from their other 
perfeSlions^ he has given them. Suppofe then an 
empty fpacey God could have placed matter in it^ {whiih 
is more excellent than empty fpace) •, therefore be bds 
done it, and confequently there is no vacuum. Herd 
he fuppofes that there ia no excellency or perfection 
at all in motion-, and fo this world- maker will not 
agree to leave any room or free fpace for bodies to 
move in. And in this he is as dogmatical, as if 
he had been originally one of God Almighty*s 
privy council. But had he gone one ftep further, 
he would have feen the abfurdity of it. For God 
did not make the world to ftand ftill •, but to move 
after various laws and rules. And confequently 
when this acute Philofopher fills the planetary re- 
gions with matter, he derogates from the perfeSIions 
of the other bodies, by deftroying their motion, with 
his new matter. And in this cafe, and for this very 
purpofe, empty fpace is more excellent than matter. 

But the ignis fatuus that leads him aflray, is the 
' argument of a fufficient reafon \ when at the fame 
time he is no judge at all what is fufficient, Yec 
this principle he brandilhes about with- no fmali 
oftentation and afifurance. But it is of no more 
ufe in his hands, than the fword of Achilles^ in the 
hands of art infant. 

I CON- 
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OPTICS. 

NO fooTief did Sir /. Newl on puhliQi his theory 
of Light and Colours, than he was attacked 
on all fides. A doftrine to ftrange, and contrary 
to all the received opinbns about the nature of 
light, could not be admitted. This brought him 
into many frivolous difputes, with injudicious 
people that had imbibed other principles* Yet he 
fliewed the truth of his theory, by undeniable ex- 
periments, if his oppofers had but had underftand- 
mg enough to confider them. He had read leftures 
before, in the Univerfity of Cambridge^ concerning 
light and colours, which he was thinking of pub- 
liming ; but the difputes he was involved in, from 
^hatXe had publiftied in the Tranfaftions, made 
him lay afide the thoughts of publiftiing any more. 
And fo thefc leflures were laid by in the Univer- 
fity, and were notj^rinted till after his death. And 
in this I think be was m\?cK iri the right ; for >yho 
would ever fpend any time or labour, to make men 
wife againft their wills ; and efpecially a fet of men, 
that loved cavilling and difputing better than truth 
and knowledge. 

By reafon of thefe fenfelefs difputes, he would 
not agree to print his book of Optics for many 
years -, and at laft it was only printed in Englifh, 
with a defign it fhould not go abroad, to create any 
frefh difputes ; but was afterwards trandated into 
Latin* 

This 
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This book, tho* full of the moft ctirious and 
profound difcoveries in Optics^ could not pafs with- 
out the moft fevere fcrutiny 5 and I believe, hardly 
a propofition in the book but what was difputed 
by fome rafh Critic or other. But as the proofs 
were moftly experimental 5 as foon as people Had 
a mir)d to leave their prejudices, ^nd try thefe ex- 
periments fairly and impartially ; they found them 
all true and agreeable to his theory, which at length 
began to gain ground \ and all diiputes are now 
fubfided. > 

As there are fome things laid down in this book,' 
without their denionftrations 5 fuch of them as arc 
difficult, are calculated in my book of Optics. \ 

Towards the end of this book Sir Ifaac tells us»' 
the true method of philofophifing, his thoughts of 
the original and conftitution of the world, and of 
the Deity. He tells us the world could not arife 
out of a Chaos^ by the mere laws of nature, biic 
muft be the work of a powerful, everliving agent, 
ading with wifdom and defign. He tells us, that 
it appears -from the phoenomena, that there is 
a bting incorporeal^ livings intelligent^ omniprefent ; 
who in infinite /pace J as it were in his fenjory^ fees the 
things tbemfelves intimately^ by their immediate pre^ 
fence to tffj^ '^-^whilft the images only of thefe things 
are carried thro^ our organs ofjenfe into our little fen- 
foriums^ and are there feen by. that which in us per- 
ceives and thinks. 

But Mr. Leibnitz catching at the vrord fenforium^ 
and perverting Sir I faac's meaning, tells you, that 
Sir Ifaac makes fpace to be the fenforium of God, 
as an organ, by wTiich he perceives things, and 
thereby makes God the foul of the world, con- 
trary to Sir IfaaC's plain declaration ; whereas he 
fpeaks only by way of (imile {as it were, in his fen- 
fory). For fuch is the imperfe6li3n of our notions 
concerning God, that when we would defcribe any 
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of his properties or attributes, we can only dp it 
by fimilitude, comparing it with fomething fimilair 
to it in ourfelve? -, which furely cannot be taken in 
a ftria fenfe. Nothing is more common than to 
talk of ideas in the mind of God, when we fpeak 
of his knowledge or omnifcience. Yet it is certain 
God has no need of ideas or images (as we have), 
when he is prefent to the things themfelves. And I 
think it was hardly poffible for Sir Ifaac to find out 
^ fitter fimile, tharl to cQmpare infinite /pace with 
the place where God perceives all things ; juft as 
the brain is the place where fnen perceive the images 
f only) of things. For fuppofe the brain to be the 
organ of perception, it is neverthelefs the place 
tvhere thefe images are perceived. This mifconr 
ftruing the words of Sir I. Newton,' (heWs the cap- 
tioufnefs of the man ; efpecially when he is told that 
God is a uniform beings ^oid of organs^ members or 
parts^ that oM things in the world are his Creatures 9 
Jubordinate to him, and fubfervient to his will. That 
he is nd more the foul of them ^ than the foul of a man 
is the foul of ike f pedes of things^ in the place of his 
fe-nfaticn. All this, one would think, fliould flop 
his mouth. 

This Gentleman Calls God a fuprat^dane in- 
telligence^ which is oniy an unintelligioic term to 
quack with. For certainly he exifts in the world, 
but aftei" what manner is a fecret to us. If God 
have any exiftence, he exifts in fpace-, to fay that 
he exifts cut of fpace, is- to fay that he does not 
exift at all, becaufe Ipace is every where. So does 
he exift in time ; for to exift out of time, or in no 
time, ia not to exift. He exifts then in all fpace 
and in all time, that is always and every where. 

Hir Ifaac tells us blind fate could never make all the 
planets move one and the fame way^ in concentric orbs ; 
fome inconfiderablc irrc^^iilari ties excepted^ which may 
ii{iv'e rijcnfrcm ti2 , niutiial ctlicns cf comets and pla- 
nets 
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vets upon one another^ and which will be apt to increafe^ 
till thisfyjiem wants a reformation. 

Now thefe aftions of the phncts and comets 03 
each other, and the conrequent irregularities pro- 
duced thereby, are matters of faft, and evident 
from obfcrvations. Arid it is as. evident that they 
will increafe, from the fame caufes. Yet Mr. 
Leibnitz is fo ignor^t of thefe efFeds, that he takes 
Upon him not only to cenfure Sir f. Newton for 
making thefe obfcrvations, but God Almighty for . 
not making his work otherwife ; and compares him 
to an imperfeSf workman^ that has his watch to wind 
up now and then. He thinks it an imperfection ia 
God, if he does not make the world fo as to laft in 
the fame ftate for ever. At this rate he may as well 
think it an imperfeftion in his Maker, if man does 
not laft for ever, and live for eternity. 

It is a bold aflfertion to fay that God cannot 
make any thing to what degree of perfedion 
he pleafes, or to laft as long as he pleafes, or 
to reform, regulate or alter it at his pleafure. 
Nothing will pleafe this Gentleman but to make 
God to aft cd extremum^ as all neceflary agents do, 
if they can be called agents. At this rate, not 
only the world muft be made fo perfeft, as to laft 
for eternity, and want no regulating, which is the 
thing he affirms ; but even the bodies of men and 
other animals, for the fame reafon as was obferved 
before, muft laft for ever, and never come to decay, 
or need any repairs ; which is arguing againft the 
cleareft evidence of his fenfes ; and is a demon- 
•ftration of the abfurdity of his hypothcfis. So 
that in feme cafes it is true fwhat feme men have 
objefted againft fcicnce in general), that the grcatcft 
philofophers are the greateft afles. 

Go^ teach eternal wifdom how to ritle^ 
fhen drcp into thyfilf^ and be a. fool. 

Pope. 
I 3 His 
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His Doftrine of Indifcernibks is altogether as 
wild a notion as the other of forcing God to do his 
beft. Hif principle is this, that there are not in 
nature, two real abfolute beings, indifcernible from 
each other, (that is,- two fuch things as are per- 
feftly alike). For if there were, he lays, God and 
nature would aft without a reafon ; it is a thing 
contrary to the divine wifdom, and therefore they 
do not cxift. And he inflances in two leaves or 
two drops of water. And he feems to build his opi- 
nion upon obfcrvation, which is, that if you feek 
never fo long, you cannot find two leaves alike \ 
and upon this he rafhly concludes, that it is im- 
poflible ; becaufe God would not be wife in, doing 
of it. However, if he cap give no wifer a reafon 
than this, I doubt ,his principle will fall to the 
ground. For in the nature of things, what anti- 
pathy can God have againft two equal or like things, 
any nwre than againft two unequal'or unlike things. 
It is impious thus to tie the hands of God, and 
vain in him to pretend to know what God*s wifdom 
will choofe pr will not choofe. His attempt to 
know this is as ridiculous as it would be, in at- 
tempting to move the whole world with the firength 
,of a finger. 

1 believe the reader will hardly be fatisfied, whilCt 
1 am endeavouring to confute his notion if I do 
not advance a better folution. This Lftiall attempt 
as follows, by a veryfimple and plain cafe. Sup- 
pofe the length of the leaft fort of leaves to be a^ 
of the greateft b \ their difference b — a or d. 
Now I hope it will be allowed me, that the quan- 
tity or length d is infinitely divifible ; and confe- 
quently there is an infinite number of different 
lengths contained in the length d\ and hence 
there may be an infinite number of leaves, and 
all of different lengths, in a gradual increafe from 
a to b. This being fettled, let us confider the 

number 
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number of leaves. The number of them oi\ any 
one tree is but finite, and the number of all the 
trees in the world is but finite ; for the fands of 
the fea are numerable. Therefore all the leaves in 
the world make but a finite number. Suppofe 
thon any one length be named for a leaf; it will be 
the odds of infinity to i, that in a geometrical 
.exadnefs, , there is. not a leaf of that length in .the 
world; becaufe the number of leaves being (hort 
of .the number of pofllble cafes ; there will be an 
infinite number of cafes^ that do not happen ; and 
therefore it is infinity to i againll the happening 
of any one in particular. It follows like wife that, 
name the length of any one leaf, and it is the odds 
of infinity to i, that another cannot be found 
frecifely of the fame length. 

Now this calculation regards only the length, 
but there are other circumftances as variable, fuch 
as breadth, weight, colour,' form, curvature, dif- 
ferent arrangement of the veins, &c. and all di- 
verfified in quantities and ways infinitely various ; 
therefore the odds will, by this means, be infinitely 
multiplied ; fo that it is next to impoffible for fuch a 
thing to happen naturally.. And here, we need 
not to have uippofed infinite degrees of length ; 
for if we had but affumed a very great number of 
lengths, each difiering by the leaft conceivable 
quantity ; yet by the infinite number of circum- 
ftances that attend it, the refult would ftill ihew 
that it is almoft as infinity to i, againll fucfa 
an event happening. And by the fame reafoning 
one cannot find two ftones alike, or two drops of 
water. 

As to drops of water, there is not as great a va- 
riety as in leaves. Yet if you fuppofe but one 
heterogeneous particle ; that fingle particle is ca- 
pable of an infinite number of fituations j and there 
may be 2, 3, &c. or any number of fuch particles ; 
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from all which, the fame conclufion iwill happen 
as before. And here we may obferve, that the more 
compounded any body is, the greater is the im- 
probability of this event happening. 

Hence appears the true reafon why fuch events 
do riot happen, and that is, the infinite number of 
fojfible calcs, and the finite number of real cafes ; 
and upon the infinitely fmall chance there is for its 
happening ; but it is not at all from* the impof- 
fibility of the thing ; which may be made plain by 
this inftance. Suppofe there be lOO dice, and any 
one fliould undertake to throw all the aces at once. 
The number of chances is fo great againft him, 
that in all probability, he would never do it while 
the world Itands. Ytt thething is not impofiible in 
itfelf ; for the dice may be fo direfted by art, as 
to be thrown every time. 

So now the whole myftery is difclofed that fe- 
duced this learned Philofopher to abridge the power 
of God, for fear of contrafting his wijdom. You 
may fee that all the fizes or forms of leaves are 
alike indiflferent to God, and nature has the fame 
chance for any length or formi But what is all 
this to do with the pcwi?r of God? He can. cer- 
tainly make millions of things all equal and alike, 
if he has need of them in the creation, .as eafily 
^s he can make them unequal or unlike. But the 
lexcufe this Gentleman hes for this chimerical opi- 
nion, is this, he fays two things perfeftly alike will 
not be two things, but only one thing. But this is 
an affertion equally ridiculous, for two things will 
be as diftinft, if they difrer but in one property, 
as if they differed in tea thouHind. Nothing can 
identify two things (/. e. redfice them to one), but 
exifting in the very fame place, at the very fame 
jinie, and having all other properties the fame. 
JMen are fuch imperfedt artifts, they cannot prcr 

ten4 



THE OPTICS- :i^ 

tend to make things equal or alike, to a geomer 
trical exaftnefs ; but they can make them fo near 
as they cannot- difcover any difference. But God 
can work perfeftly, which men can only imitate. 

God is a being felf-cxiftent, omnifcient, om- 
nipotent, and omniprefent. This being can do 
all things that are pbffible to be done, or that im- 
ply no contradiftion. Thefe. are his natural attri- 
butes, as has been mentioned before ; and which 
Sir I. Newton has given a fublime defcription of, 
both here and in the Principia, which this babbler 
has thought fit to criticife, but with an ill grace. 
As to his moral attributes, wherewith fome people 
have inverted and complimented God Almighty ; 
as his Goodnefs^ Mircy^ Jujiice^ &c. thefq are 
not real properties, but are only confequent 
from, and included in, his wifdom. As for ex- 
ample, God cannot be faid to be infinitely good, as 
he maybe faid to be infinitely powerful, orinfinitely 
"wife ; but he is always fo far good, as is confiftent 
with his wifdom ; and the like for his mercy, &c. 
As to our knowledge of God, we muft content 
ourfelves with the knowledge of his natural attri- 
butes 5 for we know nothing further relating to 
him. It is a profound fecret to us how he ads, 
how he perceives, or how he exifts. Here he hides 
himfelf from us and will not be known. Nor Ihould 
we even know that fuch a being exifts at all, but 
from our own exiftence, and the regular phoeno- 
mena that appear in the world, which bear witnefs 
to it. So that we are fure there muft be a firft 
caufe, from whom and by whom all thcfe things 
have their original ; as is (hewn at large by our 
great author Sir /. Newton. 

i believe the improvements that have been made 

^ to the Science of OpticSy fince he left it, are few 

or none; his queries are ftill to feek, no body has 

jnveftigated any of them. One would think that 

thelc 
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thefe cavillers againfl: gravity, as an accult qualify^ 
would have taken care to have inveftigated its 
caufe, hinted at in thefe queries ; but it remains 
as octult as ever, for them. They are more ready 
to difpute than to a^L To compleat thefe things, 
we Ihould have another Newton ; but* as that is 
not to be expected, we need not think that any 
improvements will go fail forward. 

As I have confidered the principal objeftions 
that have been made againll: the Principia and the 
Optics^ moftlv by foreigners. It cannot be amifs 
if I take notice of fome that have been made a- 
gainft his Chronology ^ by fome in our own country ^ 
to fhcw how they bite the file. 
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An Account of fome of the numerous 
inconjiftencies^ contained in the Ob^ 
jeSiions made by the Rev. Dr. Ruther- 
forth, Regius Profejfor of Divinity 
in the Univerfity of Cambridge, ^- 
gainfl Sir L NewtonV Account of 
the Argonautic Expedition. 

Eft genus bomnum qui ejfefrimosfe omnium return 
volunfy necfunt ; 

Terent. £/^ff. 

TH E Profeflbr fcts off by telling us, that the 
whole of bis (Sir Ifaac*s) argument^ for feit ling 
the time of the Argonautic expeditiony depends upon 
three principles, i. That Chiron and Mufeus made a 
fpbere. 2. That they drew the Co lures of the equi* 
noxes thro" the i ^th degrees of Aries and Libra^ and 
that of the Solftices thro"" the i stb degrees of Cancer 
and Capricorn. 3, That they knew how to draw the 
Cdlures exaSly. 

Here he begins by aflerting a manifeft falfliQod ; 
for the whole of his argument does not conlift in 
thefe three Articles. For Sir Ifaac ftrengthens his 
argument by fo many events, taken out of hiftory, 
which all confpire to proye the fame thing, that 
no body (except they be ftrangely bigotted, like 
this Gentleman) can refufe his affent. But let us 
examine his three grand principles, i. That Qbiron 
and Mufeus made afphere. Now this is a point of 
hiftory, and therefore ought to be taken as matter 

of 
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of faft, or elfe there is an end of all reafoning from 
hiftorical relations. Yet our Doftor (hews a llrong 
inclination to fufpeft its tnith, if it could be done; 
and feems to waver between two opinions, whether 
it was, or was not fo. However, not being able 
to get over that, be tells us, that thefe figures 
drawn on the fphere, muft relate to religion j for 
^lineating ccnjiellations for the ufi of Jailors^ could 
he of nofervUefor ibe pra3fice ofjufiice. Here one 
would expeft that he fhould have fhewn us how de- 
liqeating conftellations mt for the ufe of f^ijors, 
could be of any.fervice to the pra^ftice of juftice ; 
or what relation there is between jufiice and the 
ccnliellations. • But unluckily he has left this fhort. 
Nov/ every body knows the ufe of the conftella- 
fipns in failing : they had no bther way at that 
time to guide their mips tHro* the ocean, but ob- 
fervations of th^ (tars. This ufe then is obvious \ 
but the other ufe, which the Profeflbr dreams on, 
is to fcek. As to Hippo thejdaiighter, who is al-» 
lowed to have fludied nature in xne fame manner 
as the father ; the Dr. fays, {he (hewed the will of 
the Gods, by her oracular ^nfwers, ox from tht rifing 
cf tbeflars. The ufe (lie made of her knowledge, 
was to teach the will of the Gods from the mo- 
4mi of the fiars. This is enough furely to (hew 
that they both fludied Afironomy. But then this 
knowledge was applied, it feems, to the purpofesi 
of Augwry or telling fortunes. But can any body 
(but t;his Rev. Doftor) be fo dull, as to think that 
two of the greareft Aflronomcrs of the age fhould 
apply ALL this knowledge, to fuch a trifling 
infignificant purpofe; and not rather apply fome 
of it leaft, to the nobler purpofe of 'Navigation^ 
for which it is naturally adapted^ and very much 
wanted for that purpofe. For without the know^ 
ledge of the ftars, they could make no long voy- 
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iores •, nor had they any other method at that time • 
to guide a (hip, but the help of the ftars. Con- 
fcquently it was natural for the navigators to apply 
to the aftronomers for that purpole. But the Pro-, 
feffor feems ftill not to be content in allowing thefe 
figures to be the conftellations •, for, fays he, per* 
haps this may not mean to form conftellations^ but t^ 
divide the heaven into regions. As if dividing the 
heaven into regions or legrhents, could teach the 
rifing and motion of the ftars. MufeuSy he fays, 
was a poet J and writ a poem concerning the fphere^ 
hut there was no fort of reafonto conclude that be was 
apraSiical aftronomer. I dare fi^y, no body would 
ever draw fuch a conclufion, but this fagacious 
Doftor. For can any body in their fenfes fuppofe, 
that any man will take pains to write a poem con- 
cerning a fubjeft, that he knows nothing at all 
about. How muft he defcribe the circles of the 
fphere, or (hew the nature and ufe thereof, if he 
did not underftand the fphere ? But all thinlcing 
men muft rather believe that he knew what he was 
doing, that he underftood the fphere, and of con- 
fequence muft be an aftronomen I fay, the coa- 
fequence is plainly this, that there was a fphere in 
the time of MufeuSj or he could not write about 
it, and that he underftood the iphere he was'def- 
cribing ; and if he alfo made a fphere, as hiftwy 
inforqis us he did, and was the firft that made one ; 
then this point is fully determined. But if it was 
only a poem, yet certainly if a man writes upon a 
iubjedl (efpecially a mathematical one) he muft be 
allowed to underftand that fubjed:, whether he 
writes in verfe or profe. Yet the Rev. Doflor 
will not allow Mufeus to be an aftronomer, bccaufc 
he was a poet ; which is juft as good a rcalun as 
this. Dr. Rutherforth is a Parfcn^ and thL^rcfore is 
no /ijbonomer. 

i ic lays farthePj the accounts we meet with in the 
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poets (concerning the Argonautic Expedition) is onhf 
itsjabulous biftory. Ana the names of the confiella-- 
tions Sir Ifaac has taken from this fa mlous biftory. 
The poets then cannot be trufted, even to give 
the names of things truly. But thi§ writer is cer- 
tainly at liberty to call any thing fabulous he 
pleafes. He may reckon the whole fabulous, if 
he likes ; and thaf the expedition itfelf is nothing 
but a fable. The poets give us a mixture of truth 
and falfhood, or fables intermixed with truth. This 
Sir Ifa^c knew^ and by hi? fbilofophicaljieve^ could 
tell how to lift out the true, and leave the fabu- 
, ious part behind. Whilft fuch writers as this Pro- 
feflbr are forced to take altogether by the lump \ 
and not knowing how to feparate thero» call the 
whole fabulous. However, what Sir 1. Newton has 
taken, ismoftlyfrom the Hiftorians, who muft be 
luppofed to relate matters of faft, and not fables ; 
and thefe he corroborates from the teftimony of the 
poets. And as far as I can find, this Doftor is of 
opinion, that the Conftellations were formed with- 
out having any names given to them ; or elfe what 
fliould hinder the names frorii being tranfmitted 
down to pofterity, as well as the Conftellations 
themfelves. Nay, they could not be defcribed 
without their names. 

The next objedion this Rev. Do£lor makes is, 
placing the conftellation Argos in fuch a pofition, 
that the principal ftar Campus could not be feen ; 
and he thinks, it Jbotild ratber bave been placed in 
tbe zodiac. But any body may confidcr, that the 
conftellations in the zodiac are of far greater ufe 
than any of the reft, as they ferve to (hew the mo- 
lions of the fun, moon, and all the planets •, and 
therefore thefe muft be firft of all placed \ and this 
being fo, he could not place Argos in the zodiac 
without difplacing fome of the reft, that had been 
fixt before-, confequently it muft be placed where 

' he 
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lie could find a vacancy. In the pofition flie was 
placed, her mafts, fails, and rigging might be 
fcen. Befides, it is evidently more natural to place 
the Ihip in the horizon, with Dart of her invifible, 
as if under water, than havp her fufpended ih the 
air ; as fhe would have been, had (he been fet in 
the zodiac, where fun, moon, and planets move, 
But let us come to his fecond principle. 

2. That Chiron drew the colure of the equinoxes 
thro^ the 1 5th degree of Aries and Libra^ &c. Now 
this is a point of hiftory, which is all the data al- 
lowed, and therefore muft be granted. If this 
Profeflbr difputes it, then he is difputing with £«- 
doxus^ and not with 5ir /. Newton ; for Eudoxus 
was defcribing the fphere of the antients. But this 
Doctor tells us, that be was defcribing the fphere in 
bis own time \ the confequence of which is, that 
Eudoxus (and even Tbales) muft have lived 940 
years before Chrift, which is a manifeft Falfliood. 
He tells us, that in defcribing the colure of the 
folftices. Sir Ifaac leaves off, and omits a very mate* 
rial far t^ which Hypparcbus adds. This fagacious 
Doftor, it feems, did not fee the reafon of this % 
Sir Ifaac had data enough without going &ny fur-> 
ther, to determine what he wanted. And if the 
remaining defcription was as it ftood in Eudoxus's 
time (as this writer fays) 5 then what had Sir Ifaad 
to do with that ? for the pofition of the colures muft 
be quite altered in near 600 years. But the Doftor 
feems not to uiiderftand, tl)at many of the conftel- 
lations had been mifplaced, and drawn otherwife 
in fucceeding ages, and could not well be redlified -, 
and fuch as were rightly placed, or could be rec- 
tified. Sir Ifaac made ufe of. Befides, if this Ob- 
jeftor knew any thing in Aftronomy, he would 
eafily underftand, that fuch ftars as are placed near 
the pole, or far from the ecliptic, are fubjeft to 
great errors j for a Imall one there, becomes a 
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very great one at the ecliptic, and therefote werS 
]udicioufly omitted by Sir Ifaac ; and for this^ r^a- 
fon, he need make no wonder of thefe being omit- 
ted. Befides, where the place of the colure is too 
generally defined, and a ftar cannot be found to 
direft it with fuflicient exactnefs ; fuchi data as thefe 
ought to be left out. For any body that knowji 
what he is about, will choofe clear data before am- 
biguous ones ; while fuch a judge as this Doftor 
muft take all without diftindtion. In order to de- 
termine this point. Sir I. Newton, with uncommon 
fagacity and judgment, has in either cafe, chofen 
Jive of the beft defined, and moft unexceptionable 
places, to found his calculations upon ; which he 
has compleated with as much Ikill and nicety, as 
the folution of fuch a problem defervcd. So that 
the niethod he has followed will be admired and 
approved by all proper judges -, tho* it be con- 
demned by fuch ignorant, perverfe critics as this, 
that arc too dull to fee the reafpn and beauty of 
fuch a procefs. 

By this judicious way of proceeding, he has 
found the mean places of thefe colur^ (from thefe 
five), to be Taurus 6» 29** 15', ^wd,Leo 6* 28° 46', 
which are fo furprifingly near, that the moft fcru- 
pulous can^ot expert any thing nearer ; which is a 
full teftimony of its truth. So that at a mean, 
the four cardinal points had gone back 1* 6° 29^ 
"which amounts to 2627 years. Nay further than 
that, thofe very places which this Profeflbr fays he 
left out, he {hews that they all fall in the folltitial 
colure, as Eudoxus had defcribed them ; and con- 
fequently that this had all the characters of that 
colure, according to that defcription. But this 
purblind critic either could not or would not fee 
all this. This being all made plain, will he fay 
that Eudoxus lived lb many years fince ? Yet he 
fays as much, when he fays Endoms defcribed the 

fphere 
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fphere as it was in his own time. But as far as I 
can fecj he will neither allow the colures to pafs 
thro* the middle of the figns in Eudoxus^s time, nor 
Chiron^s time, nor any time elfe j fo ftrangely full 
of contradictions is he. 

What he fays about the little Bear is nothing to 
the pufpofe. If it was not formed into a conitel- 
lation in ChirorCs time, what had Sir I. Newton to 
do with it. And even if it was, it was too near 
the pole to make any calculations upon ; but any 
way, Eudoxus could notdefcribe the path of the 
colure m other words. But if the Profeflbr would 
have done any thing to the purpofe, he fhould have 
x:alculated how far this ftar was from the colure ; 
and then a better judgment could be made. Hd - 
likewife fays, ii is impojftble to conclude from this de- 
fcription of the cardinal points^ that Chiron placed 
them in the middle of the conflel/ations. Now had 
the Dodbor made any calculations to Ihew this im- 
poilibility, or to fhew how far any of thefe points 
deviate from the colure, he had done fomething. 
But he feems to be better qualified for forging ar- 
guments, than making calculations. But Sir Ifaac 
has adtually made calculations, and has found and 
demonllrated all thefe defcriptions to be right, by 
the furprizing agreement among all thefe obferva- 
tions ; which is fufficient to overthrow all the 
Doctor's wild guefles, and filence all his cavils at 
once* And indeed it is no wonder to find him 
miftaken in a matter, which is quite out of his 
fphere ; when he miftook in a matter within his 
own fphere, about the nature of Virtue •, till a 
Lady, Mrs. Coiurn, fet him right. O Do^or ! 

3. We come now to his third grand article, whe- 
ther they knew how to draxv the colures exallly. This 
is fuch a childifli objection, that I dpn*t know what 
anfwer is fit to be given to it. If he means per- 
fedly exa£l, there is no man at this day can do it. 

K hot 
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For at this rate the colurcs are to be drawn pr^^ 
cifcly thro* fuch and fuch ftars, which can be 
looked on no otherwife, than ats fo many mathe- 
matical points, which cannot be. All that can be 
Concluded from hence is, that each colure, whert 
rightly drawn, will pafs fo near any ftar, that the 
difference cannot well be difcovered, by fuch in* 
ftruments as were then in ufe ; or that fuch and 
fUch remarkable ftars, come the neareft thereto of 
any. But let us fee how he argues upon this point; 
He tells us, Eudoxus was defcribing tbt Jpbereas if 
flood in bis time\ and in the very next words he 
confutes himfelf by telling us, we arefure tbat ht 
^placed tbem wrongs for we can prove tbat tbey were 
not in tbt middle of the conftellations in bis time. Was 
ever poor Doftor fo embarrafled with an argument \ 
he firft teJls us, that Eudoxus was defcriWng the 
fphere in his own time ; and immediately after, that 
fuch a defcription did not at all agree with the 
fphere at that time. Would not any body but this 
Objeftor then conclude, that it was not defcribed 
for that time, but for fome other. Every circum* 
fiance leads him, as it were, by the nofe, into a 
direft path, and yet he moft ftrangely miffes his 
way. inftead of doing that, he has nothing to re- 
tur to, but that ridiculous fhift, that Eudoxus did 
not know bow to draw tbe colures. Here then it 
feems we have a famous Aftronomcf, and the 
greateft of the age, that did not know how to 
draw one great circle perpendicular to another on the 
fphere^ he was fo very ignorant. I know not what 
this Doctor may think, but 1 beKeve all the world 
will laugh at fa idle a chimera. But the Doftor 
keeps flattering about among thefc abfurdities, not 
knowing where to fix ; but will readily agree to 
any impoflfible fcheme, rather than to Sir /. NewtOn^ 
Here one would think, if Eudoxus had miffed his 
aim in drawing thro* one ftar, he would fcarce have 
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Inifled two ; and if he miffed twOj he would hardly 
mifs three j but by ftrange ill luck, he has miffed 
them all, according to him. And yet Sir Ifaac has 
fliewn that he has bit. them all. So that this great 
Profeiibr has made a fool of Eudoxusy or elfe of 
himfelf. But Profeflbr Simfon^ of Glafgow^ give<$ 
a quite different account of Eudoxus^ he tells us, 
that it is the opinion of fome learned men, that 
Eudoxus was the author of the chief propojitions in the 
nth book of Euclid^ See his notes on B. 12. Euclid. 
But to ftiew you how great an Allronomer this 
Profeflbr is, he quotes Hipparchus for faying, that 
no fecondary of the equator, could pafs thro* all 
the places, before mentioned to be, in the colures. 
Now if this Gentleman knew any thing of the 
iphere, lie would not at all wonder at this ; be- 
caufe it is impofllble, that the two great circles (the 
two colures) which were perpendicular to the equa- 
tor in the time of Chiron ; I fay, it is impoflible 
thac the fanie two great circles ftiould be perpen- 
dicular (or fecondarics to) the equator, in the time 
of Eudoxus : For Hipparchus knew better. And 
thb is another proof, that the fphere defcribed was 
;iat for the time of Eudoxus^ but for fome other 
preceding time. And hence this Rev. Doftor need 
take no nirther pains to make Eudoxus an ignora^^ 
mus, for it will all fall upon himfelf ; all his argu- 
ments being founded upon his own ignorance; 
iand all the confequetlces he draws from his abfurd 
reafoning, mud all fall at onte. But where is his 
modefty, thus to fall foul of a perfon of fuch tranf- 
cendent abilities as Sir liaac ; and who has obliged 
the world with fo maily eminent difcovei*ies, and 
wtuch were thought before to be beyond human 
art ; and yet with no better fuccefs, as he himfelf 
appears to be no judge of it •, and with no better 
deUgn than to degrade that great man, who {bines 
brighter for being cavilled at. For the fame fpiric 
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and genius that runs thro* his other noble worthy 
are equally vifible in this of his Chronology. 

1 think it ncedlcfs to purfue this learned Doftor 
any further; it is plain he did not underftand what 
he was writing about : every incident confutes him. 
But Sir Ifaac ftapds firm, his plan is confirmed not 
only by the agreement among the obfervations, but 
alio by a great many other proofs of a different 
nature, all confpiring to prpve the fame thing. And 
in fuch cafes as this, which are not capable of ma-* 
thematical demonftration ; the concurrence of fo 
many circun:ftances muft make the thing fo highly 
probable, as to take away all doubt and fcruple^ 
and give entire fatisfaftion. 

After it was known that Sir 1. Newton had writ 
a book of Chronology^ 2l foreigner (one Abbe Conti) 
under the pretence of friendfhip to Sir Ifaac, ob- 
tained a copy of the Chronicle or Index, with a 
folemn promise to keep it fccret. But obferve how 
he kept his promife ; he communicated it to one 
Soticiet^ a jtfuit, who got a bookfeller at Paris to 
print it, without Sir Ifaac's knowledge or confcnt ; 
, and with it a pretended confutation of the Chroni- 
cle, by the faid Sciiciet. This was fent to Sir Ifaac, 
who confuted every article of this . pretended con- 
futation. So that this may be faid to be ftolen from 
him, much after the manner that Leibnitz ftole his 
Fluxions ; but with a worfe defign, to involve Sir 
Ifaac in difputes to oblige Leibnifz. 

And the fame Souciet^ after Sir lfaac*s death, writ 
another TradV againft him. But Dr. Hallcy (hewed 
him, that thro* his ignorance in Aftronomy, he had 
made falfe calculations j and had aflumed a wrong 
ftar, for the firft ftar of Aries -, and Ihewed him 
-when all thcfe things were reftified, the matter 
ivould be juft as Sir /. Newton had defcribed it. 
'irhus you fee how this great man has been ufcd. 



[ H9 1 
Of Dr. Bedford'j- Chronology. 

THIS Author is one of the fame ftamp as th« 
foregoing, or rather more enthufiaftical ; for 
if you will believe him, he can tell the very day 
when the moft remarkable events in the beginning 
of the world happened. He promifes a large book 
with maps, wherein, no doubt, he will inform you 
of the very day when the world began, where the 
garden of Eden was placed, where the Ark refted, 
and how every Spot of Ground was peopled afttt* 
the Flood, &c. And all fuch difficulties as are 
without the power of Sir /. Newton^ or any body 
iclfe befides. For in the Advertifement to the pre- 
fent book, he tells us, that the fun was ^created in 
the Equinox on a Thurfday^ and the moon at full ; 
that God fpoke to Noah on a Sunday ; that Noab 
ceafed from bringing the living creatures into the 
Ark, Qti a Sunday ; that God fpoke to him to come 
out of the Ark on a Sunday ; that God fpake to 
Abraham Qn a Sunday ; that Sdomcn dedicated the 
temple on a Sunday ; that the angek fung Glory to 
God, for the birth of Chrift, on a Sunday^ &c. &c. 
So that our Author, to be able to folve fuch pro- 
blems as thefe, without any Data^ cannot be lefs 
than infpired ; and fo I believe he is, with pre- 
fumption and vanity^ But i think few people, 
who are thus glutted with fuch impoffibilities, will 
think it worth their while to penetrate any further 
5 Pi to this profound Trearifc ^ in which he is as con- 
fident, as if he had been pr^fent at every event, 
1 fcall therefore only give ^ few fpecimens pf hi^ 
fine rcalbning. 

He begins his book with a moft fulfome Enco^-^ 
mum upon Sir /. Newton^ as a great Mathemati- 
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cian ; tho* he was no manner of judge about it, as 
•will be feen after. He tells you, that Sir Ifaac's 
Chronology wgs writ in his dotage ; tho' Sirlfaac ex- 
prefsly fays, he did it when at Cambridgey an4 
therefore when he was a young man ; and he only 
revifed it when he was old. And in jeality it had 
been the work of his whole life-time, at his vacant 
hours. This Author tells us, the reafon that Sir 
Ifaac woold not publifti it in his life-time was, that 
he was confcious of his miftakes and errors. And 
he may as well fay, that his refufing to print his 
Optical leSiures^ or his book of Optics^ was becaufe 
he was confcious of their being erroneous. So 
ready are fuch authors as this to give falfe reafons 
for things, and mifs the true ; for the true reafon 
was, to prevent wafting his time in ufelefs difputes, 
with weak and obftinate perfons, not worth a dif- 
pute, like this Aythor, 

This Doftor feems to be under great concern, 
that Sir Ifaac*s Chronology fhould differ from the 
Scripture Chronology J but I believe it is rather 
for differing from three or four bilhops he men- 
tions. For Sir Ifaac takes care all along to con- 
pe6t his account with that of the Scripture ; the* 
perhaps not according to the fenfe of this Author. 
And becaufe Sir Ifaac differs from all other Chror 
nologers, therefore he thinks it muft needs be falfe, 
and fo he condemns it at once, becaufe not agree- 
;able with him and his four Bilhops. 

It is no news to tell us, that Sir /. Newton* s. 
Chronology differs from all the world -, it was Sir 
Ifaac's proieffed defign. He attempted to corredt 
the antient Chronology, which no body elfe could 
do, or at leaft has done. But this Rev. Doftoi: 
gives \is nothing but a botch poicb of the common 
Chronology, with all its inconfiftencies and errors; 
which he knew not how to get rid on, or to mend. 
This he intermixes with his own wild conjeftures ; 

and 
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and a romantic account of his own, taken at ran- 
dom from all forts of authors. But let us fee how 
he goes on. 

Arguing againft Sir /. Newton about (hip bqilcj-f 
ing. He telk us, that tbefirft pattern for Jbips was 
the atky wBicb lixas made fquare^ that it was net de» 
Jigned for failings hut to lie en the water. How 
comes it then to be a fit pattern for fhips, that are 
to foil from one place to another ? And he tells us, 
that tall and long pips were probably invented by Ham^ 
who having been in the arky could not be ignorant cf 
^ navigation. As if a man that was clofe (hut up 
in a trunk, which was to lye upon the fea, could 
from that fituation, conceive any notion of navi- 
gation*: fo little kiiows he what Navigation'xnczns. 

Sir Ifaac fays, the Chronology of things done 
in Europe above 80 or 100 years before Cadmus 
(who invented letters) cannot be admitted. This 
IDoftor replies, andtthe bijlory of Mofes^ of the things 
done above 100 years before bis tifne^ will be deHroyed 
by the fame argument. Here 'he puts Mofes upon 
the fame footmg as otker common hiftorians, 
he owns ho difference of circiim(tances. 

Sir Ifaac tells us, that Sefac left geographical 
Cables of all his cohquefls at Cholchos : and there 
Geography had its rife. This Objcftor has nothing 
to anfwer but, // is very feldom that fucb arts are 
found out by martial men, who have fomething elfe 
to do. Here is another inftance of his ignorance; 
for can any man invade a country, but he miu(1: 
know or find out the fituation of places, how they 
are bounded by one another, or by the fea, &c. 
And the knowledge of this is Geography. And his 
ignorance is ftill further confirmed in this, where 
he makes Sihor not to be the NiUy but a river in 
the country of the Amalekites, where there is no 
fuch river. When he writ this, Ik certainly was 
not capable of thinking. 

K 4 Sir 
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Sir Ifaac fays, the temple built by Menes could 
not be above two or three hundred years older than 
Pfammiticus that finiflied it. This Doftor anfwers. 
Chronology may le reductd fiill further v for Herod 
the great y who was alive at the bk'tb of Chrifij 
finifhed Solomon's temple ; and therefort it could not 
' be above two or three hundred years older than the 
reign of Herod. So that this blundering writer 
cannot tell the difference between finifbing and re- 
• fairing. There are endlefs examples of fuch 
wretched fluff as this given for reafons and ar- 
guments, arid hardly any thing better. 

His reprefentipg Sir /• Newton as not capable of 
knowing what was demonjlraiion and what was noti 
is very conformable to the fentiments and difpo- 
fition of fuch a brute as this, that has not the leaft 
idea of the nature of a demonftration. Now iqr 
fome flrokes of his aftronomical genius. 

The firfl thing of this fort that he prefents us 
with, is the calculation of the fun's place 2066 
years before Chrifl, which place he falfely makes 
in Capricorn 14'' 8' 19''; which ihbuld be •S'^^^/'/^ry 
13° 23' 26^'. The Egyptian year di(J not take 
place 1319 years before Nabonajfar -, and if it did, 
this abfurd calculation proves nothing at all. Yet 
from this, he makes the diflance of the fun from 
the tropic only 45', when he is 2 1 days from it, 
by his own calculation. Nor does it appear by what 
fort of legerdemain, he makes 45° anfvver to 2 1 
days. Alfo it may be obferved, from his procefs, 
that he makes the Julian year take place from the 
Era of Nabonajfar ; which is another blunder. 

When the Julian year begun, he tells us, the 
beginning of the year was, when the fun was in 
CapricoTn 8° 50' 5;'^ and its diflance from the 
tropic 1 1' ; fo by this, the tropic was in about 8° 33' 
of Capricorn, which is an abfurdity. 

He makes a remark from Scati^er^ that the co- 
lure 
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Ivire could not pafs thro* the tail of the ferpcnt, 
altho' there is no calculation made about the fee- 
pent 5 fp that this is nothing to the purpofe. Yet 
he concludes that the colure had been placed wrong, 
juft the fame as Dr. Rutberfortb fays, an aftronomer 
as wife as himfelf. 

This author tells us, the mariners at feafind out 
the latitude of the place^ not from the exalt height of 
, the fun at noon ; and from fuch fluff as this, he tells 
you that Chiron (or fome other) would place the 
fummer folftice and its colure^ not at the entrance of 
Cancer itfelf^ but before it. 

In quoting Hipparchus^ he tells us Hipparchus weU 
knew there was i too years between the time of the 
argonautic expedition^ and the dif cover j of the motion 
of the equinox. But certainly the author does not 
well know what he writes, for if Hipparchus had 
known this fo well, he would have told us fo. And 
all the confequence he draws from this fuppofition 
is nothing but a heap of abfurd nonfenfe. 

The next aflronomical flourifh he makes, is to 
calculate the time of Arllurus* rifing -, but before 
he begins, he has his way to pave with fo many ips 
and and's^ znd fuppojitions^ that the reader muft be 
furfeited before he begins his calculation. Then 
he affumes the lat. of Cuma (but it was Jfcra where 
Hefiod livcd)^ to be 38° 54', which fhould be 
390 20' at leafl, but no body can tell exadlly 5 but 
a fmall error will do him a deal of fervice, and 
he can apply it his own way. In calculating 
from his data, he finds the declination of Arllurus 
an. 870 before Chrifl, to be 34'' 25^ which fhould 
be ;?4° 19' 32''; and his right afcenfion 179° 32', 
which fhould be 178'' 21' ; and fo finds ArSurus 
at fun-fet, 2*^ 56' under the horizon, which fhould 
be 1° 46^ by his own data, if he had wrought 
right. Now this eminent aftronomer, or his com- 
puter. 
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puter, has made no manner of allowance for 
^Aion 'j which being done, it will bring ArSurus 
very near the horizon, as it ought. Nor does he 
.take notice of refraftion in the r^ft of his fublime 
'Calculations that follow. But to make all clear^ 
he tells us, that the number 60 may ftand for gg^ 
iOr 6s^ &c. which is a pcerica iieeniia^ that I did 
vHot utideHtand before. 

This do£tor tells us Sir Jfaoc's whole book is 
>builc upon this, that Cinrw mader a fphere, &c. 
iBut this is a moft impudent falfehood, for th^ whole 
book is not built upon this ; it ftands upon many 
•more pillars, whicb'this writer, with all his fophiftry, 
is not able'to demoliih. . Whethcr<C&/re?»,or who- 
ever made the fphere, it will be the fame thing's 
if it was made at that expedition, or ^ little after^ 
as there is no room to doubt. 

This Rev. DoAor contends that the ages of men 
were longer in ancient times than at prefent; and 
therefore bethinks £ir Ifaac has made them too 
fliort. But he cannot make it out, that they were 
'any longer within the bounds of this chronicle. 
And David mil ht againfthim; for he tells us, 
not of one particular man*s age, but in general, 
chat the age of man is 70 or 80 years, as at 
-prefent. 

And the like objeSions he makes againft the 
reigns of kings > tho* Sir Ifaac has confirmed the 
thing by fo many catalogues of vaft length. And 
this Author's picking out fhort catalogues of greater 
lengths, whether of ages or generations, is nothing 
to the purpofe. He may as well take one age or 
one generation, as a ftandard of all the relL But 
this is not doing juftice to the caufe. 

This worthy Do6tor is fo enraged, that Sir I. 
Newton's Chronology is oppofite to all the world 
befides 5 that he damns it at once by wholefale ; and 
falls into fuch a (train of raillery as is hardly to 

be 
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be -matchbi in all BillingTgate. He can talk of 
nought for feveral pages together but contradi£iing 
$he Seriphires. This fyftem of Chronology giving 
men a dijmal HnSure^ rooting-out of religion^ 
bringing in ifffiJekty^ that fuch poijin ought not to 
go abroad; the Devil's fpite againil the /acred cra^ 
4ks^ and the muftering of his forces^ blafphemies^ 
berefies^ liberty for new religions, Atheifiny Deifm^ 
Hell torments^ man's immomlities and debaucheries^ 
attacks on Chrijiianity and Scripture Chronology i 
ftnoaks ariiing out of the hottomlefs pit^ that darken 
ibe fun and the air 9 &c. &c. and, I believe, by the 
time that the reader has got thro' it all, he wiU 
be nearly choaked with all this imoke. And all 
this Rant is, becaufe men will not fwallow every 
ftupid thing, that fuch men would cram down 
their throats. After fo pathetic an harangue, no 
body need have any doubt about his pacific difpo- 
lition ; this pious Dodor, I believe, will hardly 
fend any man to heaven, that (hould prefume to 
give any credit to fuch a vile book as Sir /. New-^ 
Un*s Chronology. But I underftand not why all 
this fluff is introduced here into a book of Chro- 
nology; except this pious Doftor meant to call.: 
dovfnfire from heaven upon all fuch wicked perlons, 
as (hould take the liberty to differ from him in 
Chronological matters^ as well as in Religion. 

He frequently mentions Sir /. Newton as a great 
amd eminent Mathematician, nay, the greateft in 
the world. Yet he dare not truft him with the fo- 
lution of certain aftronomical problems ; but at--' 
tempts to give more exaft folutions to them him- 
felf. At this rate he muft be a greater mathema- 
tician, and a greater than the greateft in the world. 
Or perhaps Allronomy muft rather be reckoned a 
part of Divinity, than of Mathematigks. 

However compleat he may be in the mathema- 
tical arts, he is certainly compleat in the art of 

Squabs 
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Sfuzitling. For example, Sir Ifaac tells us, that 
the obfervations of the ancients were but coarfe. 
This word is of infinite fervice to him, and be 
ihtws it over and over. By the maj^k of this word 
he can make any error, great or fnnaU, ferve his 
turn. For if he miffcs his mark never fo far, he 
can always account for it from the coarfi obferva- 
tions of the antients. This with him is a word of 
great latitude, and has no bounds. 

I fufpeft what irritates his temper moft of all is^ 
that this regular fyftem of Sir Ifaac's is likely tp 
overturn his great Babd % which makes him labour 
with might and main to fccure it ; but with more 
fains than prudence. For there is as much diffe- 
rence between them, as between a regular and beau- 
tiful garden, and a confufcd wildernefs. 

But to take my leave of ibis AutboVy this re- 
nowned Champion for vulgar errors; Sir Ifaac 
having proved OJiris^ Baccbus^ and Sejojlris and 
Sefae^ to be all one and the fame perfon. As each 
of them was king of all Egypt at the very fame 
time, and by a great many other circumftances 
common to them all. This acute Reafoner argue* 
thus ; there were three famous men in the worlds Han- 
nibah Bellifarius^ and Cburebil ; they were all very 
eminent generals, remarkable far tkeir courage and con- 
iu£i^ led their armies into foreign countries, fought 
Wiany battles, took many towns, Qc. therefore they arc 
fbe fame with the Duke of Martborougb. 

But pray flop a little Rev. Dodor, did all thefe 
men go into the /^w^ foreign countries, fight the 
fame battles, take the fame towns, &c ? if not, 
where is the fimilitude ? Now, Sir, as foon as 
you- can make out, that thefe four men were each 
^ general of the whole army, at one and the fame 
time, in one and thtfam£ place fas the parallel 
requires) ; then in fpite of your Logic, they will 
be one and the fame man, or rather four different 

namea 



THE CHRONOLOGY. 157 

names for xhtjame man. This Doftor is certainly 
very unhappy in drawing parallel cafes, to chufc 
fuch where all the circumftanccs are different, in- 
ftead of being the fame or like. But for all that, 
the conclufion will be the very fame with him, 
whether the circumftanccs be the fame or diffe- 
rent. Does not his fcarlet blufli at this ! Could 
any body of common fenfe offer fuch childifii 
things to the public. He certainly has a mean 
opinion oi his readers, to think they can be thus 
impofed on. Yet all his parallel cafes are of the 
fame kind* 
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